


TRANSACTIONS 


THE AMERICAN SOCIETY 


HEATING so VENTILATING ENGINEERS 


VOL. XI. 





ELEVENTH ANNUAL MEETING 
NEW YORK, JANUARY 17-19, 1905 


SUMMER MEETING 
CHICAGO, ILL., JULY 7-8, 1905 


PUBLISHED BY THE SOCIETY 
AT THE OFFICE OF THE SECRETARY 
NEW YORK CITY 











CoPpYRiGart, 1907, BY 
THE AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 











Witas 








President 
WILLIAM KENT 


First Vice-President 
R. P. BOLTON 


Second Vice-President 
Cc. B. J. SNYDER 


Secretary 
WILLIAM M. MACKAY 


iva 


‘ Treasurer 
U. G. SCOLLAY 


By Board of Governors 
WILLIAM KENT (Chairman) 


, R. P. BOLTON 
C. B. J. SNYDER 
B. H. CARPENTER 
B. F. STANGLAND 
JAMES MACKAY 
A. B. FRANKLIN 
J. C. F. TRACHSEL 
W. M. MACKAY, Secretary 


98624 








COMMITTEES, 1905-1906 


Compulsory Legislation 
ANDREW HARVEY (Chairman) 
Cc. B. J. SNYDER 
S. A. JELLETT 
T. J. WATERS 
B. H. CARPENTER 


Standards 


J. J. BLACKMORE (Chairman) 
H. D. CRANE 
W. F. WOLFE 
J. H. KINEALY 
H. J. BARRON 


Tests 


Wm. G. SNOW (Chairman) 
R. C. CARPENTER 
A. A. CARY 
J. A. ALMIRALL 
H, H. RITTER 








PAPER NO. 


CXXXIV. 


CXXXV. 


CXXXVI. 


CXXXVII. 


CXXXVIII. 


CXXXIX. 
CXL. 


CXLI. 


CXLII. 





Wttane 


CONTENTS. 


PROCEEDINGS OF THE ANNUAL MEETING.... 
PUBAURWT SE CRONE oo os ocus ca xe nnss ces 
SROMRTARY B WE Sn oo nk au omits nc snd ce 
TRBASURER'S REPORP:. . <<. oo oc doce cccces 
REPORT OF BoarD oF GOVERNORS........-- 
REPORT OF COMMITTEE ON COMPULSORY 
RG Gx es ca aae ok ee ee ae 
REPORT OF TELLERS OF ELECTION. ........ 
INSTALLATION OF OFFICERS. .........----- 
INVESTIGATION OF ACCURACY OF A DIRECT- 
READING HyGROMETER, BY Pro. R. C. 
CARPRUTI io sig Sas coin Sinas bas 
Gas as A Fue ror Hot-atr HEATING, BY 
Gh ME So ie a as So's See ono 0 
STEAM-HEATING IN CONNECTION WITH CON- 
DENSING ENGINES, BY R. P. Botton... 
EXPERIENCE WITH RADIATORS IN THE Top 
Story oF A Buiipinc, By A. B. Reck .. 
CIRCULATION OF Hot WaTER,BY J.S. BRENNAN 
THE ArT oF HEATING AND VENTILATING 
Firty YEARS EARLIER, BY Pror. R. C. 


CAMPRSUTER «sada ch Shakes #0 Se aes oe 
TEST OF A STEAM-HEATING BOILER, BY PROF. 
| a SR i ae eee oe Copa 


Topica, Discussions: 

1. THE RELATIVE ADVANTAGE OF Low 
PRESSURE AND VACUUM SYSTEMS FOR 
SMALL WorK IN RESIDENCES........ 

2. THE VENTILATION OF TUNNELS, SUB- 
WAYS AND KINDRED CONSTRUCTIONS .. 

3. GRATE AND HEATING SURFACE AND 
THEIR RELATION TO SPACE AND Ex- 
POSURE IN FurRNACE HEATING....... 


PAGE 


Io 
It 


™3 
14 
15 
17 
26 
33 
52 
64 
78 
93 


Ir2 


I20 


124 


124 


134 





CONTENTS. 


PAPER NO, 
. THE REQUIREMENTS OF House HEATING 


BoiLers Usinc Bituminous CoAL ... 
. ADVANTAGE OF Low PressurRE Hort- 
WATER HEATING SYSTEMS WITH THE 
VELociTy oF CIRCULATION INCREASED 
BY Force oF VACUUM..............183—209 
MeETHODs oF HEATING LARGE BODIES OF 
WATER FOR Pustic BaTuHs AND INDUus- 
TRIAL PuRPOSES, BY STEAM OR OTHER- 
WORRAL o Ka. cba Sis 40s whl adic ones ar 
. Tue Errictency AND DURABILITY OF 
INTERNALLY FiRED BOILERS, SCOTCH 
MARINE TYPE, WITH MorRISON Fur- 
NACE, COMPARED WITH HORIZONTAL 
TUBULAR BOILERS, FOR ORDINARY 
PoweER PLANTS AT 100 Pounps PREs- 
GEE ohg hac 2842 as does es wes 
METHODS OF IMPROVING THE SOCIETY’S 
RECORDS OF THE PRACTICE PREVAILING 
IN DIFFERENT SYSTEMS OF HEATING.. 
PROPORTION OF GRATE SURFACE RE- 
QUIRED FOR DIFFERENT FUELS....... 
. THE EXTENSION OF THE WORK OF THE 
SOCIETY IN SPECIAL FIELDS. ........ 
. THE INCREASED EFFICIENCY OF HEATING 
APPARATUS USING A FAN........... 
12. THE ATTITUDE OF ENGINEERS TO THE 
SE PRENSA DE peer et em 
sd: LR are 
CXLIII. Procrepincs oF THE SUMMER MEETING. 
PAPERS: 
CXLIV. Resipence HeatTinc By DirREcT AND INDIRECT 
Hot Water, By E. F. CAprRon........ 
CXLV. FtLow or ArrIn Metat Pipes, By J. H. KINEALY 
CXLVI. Notes on THE DesiGN oF CENTRAL-STATION 
Hot-waTeER Heatinc Systems, By J. D. 
A 6a ink vn tate ba tedadh 4600 tees 
CXLVII. Dryinc spy Stream, Hor Arr anp WASTE 
Gases, BY HuGu J. BarRRON............ 
CXLVIII. Possisivitizgs 1n HEATING witH Hort Arr, BY 
it NS na ss cand ap dae cbelea tee 
CXLIX. SnHeet Metar Rapiation, sy H. W. Nowe tv. 








CONTENTS. 


PAPER NO, 
CL. Topics: 
1. CaN Pipe S1zE ror RIsERS AND Rapta- 
TOR CONNECTIONS Orr RISERS BE 
NN oo ise cs te os 
. Can AREA oF MAINs IN OVERHEAD Sys— 
TEMS OF HoT-waATER HEATING BE 
REDUCED WITH BENEFIT? .......... 
WHaT Is THE Best MATERIAL FOR A 
GASKET IN’A FLANGE UNION For Hot- 
WATOR PINE oni 5k ob ss ccd cv ccs 
. THE PROTECTION OF UNDERGROUND 
PUES Sadak tance tn bhbe cdtesuices 
. ARE THE BENEFITS FROM LARGE MAINS 
WITH BRANCHES IN Hot-atrR FURNACE 
Systems SUFFICIENT TO MERIT WIDER 
MN iis oa 3 ink eee ko sud 
. Vacuum Systems or Hot-waTerR HEat- 


ING 2c cc ce cece cccccsccescccccesccs 


. Is THE PRESENT RATIO OF FLUE AREA TO 
GRATE AREA IN CAST-IRON HEATING 


BoiLers ConDUCIVE TO ECONoMY?... 
. THE PRODUCTION OF WROUGHT-IRON 
SOR TOG. ooo ook on Se kd ks ox 








CXXXIV. 


THE 


HEATING AND VENTILATING 


AMERICAN 


SOCIETY 
OF 
ENGINEERS. 


ELEVENTH ANNUAL MEETING. 


Held in the Hotel Astor, New York City, January 17, 18, 19, 1905. 


PROCEEDINGS. 


First SESSION. 


Tuesday, January 17, 1905. 


The Eleventh Annual Meeting of the American Society of 
Heating and Ventilating Engineers was called to order in the 
“ Hotel Astor,” New York City, January 17, 1905, at 2.40 P.M., 
by the President of the Society, Mr. Andrew Harvey, of Detroit, 


Mich. 


Secretary Mackay called the roll, and reported a quorum pres- 
ent. Before calling the roll, however, Secretary Mackay an- 
nounced the names of those elected to membership since the last 


meeting, as follows: 
Hugo Erich von Boehmer, 
Ralph Collamore, 
Bert C. Davis, 
Thomas M. Dick, 
James A. Donnelly, 
Howard H. Fielding, 
Bernard Gause, 
Walter Jones, 

Joseph P. Lisk, 
Lucien Rouquaud, 
Fred R. Still, 

Ralph S. Thompson, 
Joseph Graham, 
James M. Heatherton, 
Robt. K. Story, 
Cornelis M. Slotboom, 


Berlin, Germany, 
Detroit, Mich., 
Kansas City, Mo., * 
Brooklyn, N. Y., 

New York, 

Denver, Colo., 

Jacksonville, IIl., 

Stourbridge, England, 

Troy, N. Y., 

Paris, France, 

Detroit, Mich., 

Springfield, O., 

New York, Associate. 
New York, sad 
New York, ” 
New York, Junior 


Member. 
ce 
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On motion, the reading of the minutes was dispensed with. 
President Harvey then read the following address: 


PRESIDENTS ADDRESS. 


Members of the American Society of Heating and Ventilating 
Engineers: 


I fully appreciate the honor which gives me the privilege of 
welcoming you to this our eleventh annual meeting. Some of 
you may not know the reason why we have met in this place, 
instead of holding our annual meeting in the hall of the Amer- 
ican Society of Mechanical Engineers, as we have done in the 
past. Your Board of Governors at its meeting in September 
were informed that in all probability the old building in which 
these meetings have been held would be torn down during this 
year and thought it best to try the experiment of holding this 
annual meeting in a hotel, so as to make this fact more prominent, 
and to give the members an opportunity of taking whatever action 
they might think would be for the best interest of this So- 
ciety. It will be necessary to arrange some suitable place for 
holding our meetings, at least until the new Carnegie Engineer- 
ing Building is completed, on condition that satisfactory arrange- 
ments can be made, which may mean several years. 

I desire to express my appreciation to the officers and mem- 
bers of the Society on the efficient manner in which the sugges- 
tion of making the anniversary of the tenth meeting prominent 
in the history of the Society, and now, as we have entered the 
second ten years with the knowledge of success of the past before 
us, what may we not expect in the coming years? We have 
among our members most of the best known heating and ventilat- 
ing engineers of this country and quite a number from foreign 
countries. I believe about ten per cent. of our members are for- 
eigners, and this fact suggests a point which may be worth con- 
sidering at some time in the near future. That is, would it not 
be for the best interest of this Society to hold a summer meeting 
in some city in Europe, so as to give the American members an 
opportunity of meeting our foreign brothers in their own coun- 
try? I am sure that every member who could go over there 
would find it one of the best investments he had ever made. Most 
of all of the other American Engineering societies have done 
so in past years, and have been much benefited by the results. 
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I must congratulate the members on having accomplished one 
of the most important acts this past year that has ever been 
obtained by this Society since its organization. That is the adop- 
tion by the New York Legislature of a State law last April for 
the proper construction and ventilation for school buildings, which 
is the result of the persistent and untiring efforts of our Eastern 
members, and is surely a very creditable accomplishment and adds 
much to the reputation of the Society. I trust that within the 
next ten years the people of every State in the Union will have 
become so well informed of the necessity for properly ventilated 
schools and public buildings that it will be considered as great 
a crime to construct these buildings without providing for suffi- 
cient and proper ventilation as it would be to erect a building 
without a proper foundation. The information the law-makers 
of the State require must be supplied by the heating and ventilat- 
ing engineers of this Society, and this fact should inspire every 
member to do his best. 

I am also pleased to state that the financial affairs of the So- 
ciety are in better condition than ever before. The membership 
has increased by thirty during the past year, although the aim 
of the Society has always been for the quality of its members 
and not the quantity. 

ANDREW Harvey, 
President. 


Secretary Mackay read the following report: 


SECRETARY'S REPORT. 


The American Society of Heating and Ventilating Engineers: 
Gentlemen: Your Secretary would report an increase in mem- 
bership during the past year. At our last annual meeting our 
membership was composed of 185 members, 1 honorary member, 
15 associates and 3 juniors, or a total of 204 members of all 
grades. During the year we have added 24 members, 4 associates 
and 2 juniors. Two members failed to qualify, 5 members have 
been dropped from the roll for non-payment of dues, 5 members 
have resigned and 2 members have died since the last annual 
meeting—Mr. Stephen G. Clark, who became a member on De- 
cember 29, 1902, died on February 3, 1904, and Mr. Chas. M. 
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Wilkes, who became a member in January, 1897, died January 7, 
1905. Our present membership is 198 members, 1 honorary 
member, 16 associate and 5 juniors, or a total of 220 members 
of all grades, making a net increase of 16 during the past year, 
in addition to which we have a number of applications to be acted 
upon and voted on after the annual meeting. 

The financial affairs of the Society are in good condition. At 
the last annual meeting there-was a balance in the hands of the 
Treasurer of $543.49. We have received from all sources dur- 
ing the past year $2,414.99, which, with the balance on hand, 
made a total of $2,958.48 available. 

The expenditures amounted to $2,274.20, leaving a balance 
in the hands of the Treasurer of $684.19. 

There is a balance owing from members for dues and from 
newly-elected candidates for membership for initiation fees and 
dues, amounting to $655, which, with the balance on hand, 
amounts to $1,339.19. 

We have no unpaid bills except those in connection with the 
present meeting, which have not been presented, except the Sec- 
retary’s account, amounting to $100.74. Deducting this, with the 
amount on hand and owing from members and others, leaves a 
balance of $1,229.63. 

The members dropped from the rolls during the year owed the 
Society a total of $150. 

The Secretary’s expenses for the year, including stenographer, 
clerk hire, rent of post-office box, expenses in connection with the 
summer meeting, postage, expressage, etc., amount to $587.21. 

The 1904 Proceedings have been edited, they are now being 
corrected, and will be forwarded to the members as soon after 
this meeting as possible. The cost of the editing and printing of 
these Proceedings will amount to about $900. 

The Society held a successful meeting at Detroit, Mich., July 
15 and 16, 1904. 

All the papers to be presented at this meeting, with the excep- 
tion of one, which will be read from manuscript, while received 
late, have been printed and forwarded to the members. 


Respectfully submitted, - 
W. M. Mackay, 
Secretary. 
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Treasurer U. G. Scollay read the. following report: 


TREASURER’S REPORT. 


Balance on hand February 5, 1904 
Cash received since February 5, 1904: 
$1,897 67 

Initiation fees 

Pin badges 

Electrotypes 

Proceedings 

Interest on deposit 10 32— 2,414 99 

——— $2,958 48 

Disbursements : 


J. A. Goodrich, Treasurer’s account 1903. $7 17 

W. M. Mackay, Secretary’s account 1903. 40 56 

W. M. Mackay, Secretary’s salary 

W. M. Mackay, Secretary’s account 

W. Kent, editing 1903 Proceedings 

R. W. Ryan, reporting annual meeting.. 179 50 

J. J. Little, printing 

Schoen & Kellerman, printing 

Bormay & Co., cuts 

D. Williams Co., cuts 

Leonard & Satterlee, reporting summer 
meeting 

E. M. Bloomer, certificates 

Mechanical Engineers, rooms 

Cross & Begulin, pin badges 

Empire State Surety Co., Treasurer’s 


Balance on hand 
Respectfully submitted, 
U. G. Scoxtay, 
Treasurer. 
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REPORT OF BOARD OF GOVERNORS. 


Gentlemen: Your Board of Governors met and organized 
January 21, 1904, appointing a Committee on Finance, Member- 
ship and Publication and an Executive Committee. The various 
committees have given careful attention to their duties, and the 
board has met as often as was found necessary during the year. 

We are able to report an increase in membership, and the finan- 
cial affairs of the Society are in good condition, with sufficient 
funds on hand to pay for the publication of the 1904 volume, 
which has just been corrected, and which will be forwarded to 
the members as early in the year as possible. 

According to resolution at the last annual meeting, the Board 
of Governors met and revised such parts of the by-laws as were 
complained of at the last annual meeting, relative to the election 
of members and duties of officers, sending out a letter ballot to 
the members. Seventy votes were cast, sixty-nine being in favor 
of and one against the amendments, which were adopted. 

A revision of the Constitution and By-laws, with a revised list 
of members to December 15, 1904, has just been published, and 
will be forwarded to the members this week. 

A summer meeting was arranged for July 15 and 16, 1904, at 
Detroit, Mich., which proved successful in every way. 

All the papers to be presented at this meeting, with the ex- 
ception of one, which will be read from manuscript, have been 
printed and forwarded to the members. 


ANDREW Harvey, Chairman, 
Joun Gorm ty, Vice-Chairman, 
Rosert C. CLARKSON, 

H. D. Crane, 

R. C. CARPENTER, 

C. B. ]. Snyper, 

A. E. KEnrRIcK, 

J. J. Blackmore, 

W. M. Mackay, Secretary. 


The President : The report will be received and placed on file. 
Mr. B. H. Carpenter then read the report of the Committee 
on Compulsory Legislation, as follows: 
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REPORT OF COMMITTEE ON COMPULSORY LEGISLATION. 


The American Society of Heating and Ventilating Engineers: 

Gentlemen: Your Committee on Legislation respectfully sub- 
mits the following report of its work during the past year: 

Mr. B. H. Carpenter, member of your Committee from Wilkes- 
barre, Pa., has made several efforts to have the matter taken up 
by the authorities of that State, but seems unable to make any 
headway unless the State Board of Health can be shown that it 
is for the best interests of the people at large to have a law for 
compulsory heating and ventilating public buildings placed upon 
the statute books. 

The member from Chicago, Mr. T. J. Waters, has taken the 
matter up and has forwarded to the attorney of the Board of 
Education of that city the copy of the heating and ventilating 
bill which has become a law in this State, with the request that 
the subject be given due consideration at an early date to the 
end that a suitable bill may be presented to the Legislature, which 
is now in session, some time this winter. He is using his best 
efforts to obtain a favorable result. 

As to the State of New York, I am pleased to report that the 
efforts of your Committee, backed by members of our Society, 
have been successful, with the result of placing on the statute 
books a law which provides for the compulsory heating and ven- 
tilating of public buildings in the State. 

It was found to be useless, however, to attempt to force 
through the bill as originally drawn, and we at last resorted to 
making it an amendment to the Consolidated School Law, in 
which form it passed without opposition. 

This may be a suggestion for members from other States which 
may prove of value to the Society. 

We were materially assisted in our work at Albany by Super- 
intendent of Public Schools C. W. Cole of that city, and by 
Associate City Superintendent Andrew W. Edson of the city of 
New York, who is President of the National Educational Asso- 
ciation. 

We would, therefore, respectfully suggest the adoption of the 
following resolution : 

Resolved, That the sincere thanks of this Society be tendered 
to Superintendent of Public Schools C. W. Cole of Albany, N. Y., 
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and Associate City Superintendent Andrew W. Edson, New 
York City, N. Y., for their valuable assistance in obtaining the 
passage of the compulsory heating and ventilation law for the 
State of New York through the Legislature of 1904. 
Respectfully, 
Committee on Legislation. 


The President: The report of the Committee on Compulsory 
Legislation will be received and placed on file. The resolution 
included in the report will be attended to later. 

Has the Committee on Standards any report? 

Mr. Crane: We have nothing at all to report. There is quite 
a lot of work for the committee to do if it were brought officially 
before us. As it is, we haven’t taken any matters into consider- 
ation. 

The President: Thank you. Next is the Committee on Tests. 

The report was deferred, the chairman of the committee not 
being present. 

The President: I will appoint as tellers of election, Mr. John 
S. Brennan, Mr. L. B. Sherman and Mr. W. C. Vrooman. They 
will receive the votes. The polls will close at half-past three. 

Secretary Mackay : About half-past eleven I received this cable- 
gram, dated London, England: 

“To American Society of Heating and Ventilating Engineers, 
New York: 

“ The English Institution assembled send greetings.” 

On motion, the cablegram was received and ordered to be 
entered upon the minutes, and the President was requested to 
send a suitable reply. 

The President: Next in order is new business. 

Mr. Cary: Mr. President and gentlemen, I wish to state that 
a committee has been formed, composed of officers of the four 
engineering societies, the American Society of Civil Engineers, 
Mechanical Engineers, Mining Engineers and Electrical Engi- 
neers, for the purpose of agreeing upon certain abbreviations to 
be used in their transactions. There has been a great confusion 
of abbreviations, some using one set of abbreviations and others 
using others. In order to overcome this trouble and get uniform- 
ity in the engineering literature of the country, the four societies 


Witae 








Wiina 
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I have named appointed this committee, and they agreed upon a 
set of abbreviations to be used in their transactions. 

Seeing they have taken action in this matter and have made 
a report, bearing date of March 11, 1904, I think we should also 
come up in line and have our transactions agree in abbreviations 
with the transactions of the other societies. I cannot say that I 
agree with every one of the abbreviations offered, but where I 
would take exceptions others would consider them “ well taken.” 
It is pretty hard to agree upon everything that somebody else 
has gotten up, but in the main they are satisfactory, and I would 
propose that we adopt them. 

Mr. Chew: If the other people have adopted this thing we can 
follow along, but before we do it I think the Committee on Stand- 
ards should give attention to it and make a recommendation at 
the last day of the meeting. 

Mr. Barron: I move it be the sense of this meeting that the 
Committee on Standards recommend the abbreviations be adopted 
by this Society, with additions. (Carried.) 

The President: If there is no further business, we will stand 
adjourned until eight o’clock to-night. (Adjourned.) 


SECOND SESSION, TUESDAY, JANUARY 17, 1905. 


The meeting was called to order at 8.20 p.m. by President 
Harvey. 

The President: The report of the Tellers will be the first thing 
in order. 

Mr. Brennan presented the following report : 


REPORT OF THE TELLERS. 


Oe CONOR, 65k cvos Ci kes eeeeenaiiads 115 
Ehefective votes Ghrown Ot... occ ce cece ev ee caus I 
ee WIE aa oa 0055 Ks Hehe eae nee oh Fe I 
Votes thrown out for arrears in dues............... 3 
Votes cast for William Kent for President.......... 75 
Votes cast for John Gormly for President........... 35 
Votes cast for R. P. Bolton for Vice-President...... 68 
Votes cast for H. L. Hall for Vice-President........ 42 


Votes cast for C. B. J. Snyder for 2d Vice-President... 65 
Votes cast for J. J. Blackmore for 2d Vice-President. 45 
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Votes cast for W. M. Mackay for Secretary 
Votes cast for H. A. Joslin for Secretary 

Votes cast for U. G. Scollay for Treasurer 
Votes cast for F. P. Blodgett for Treasurer 


Vote for Board of Governors as follows (first five elected) : 


B. H. Carpenter 
B. F. Stangland 
Jas. Mackay 

A. B. Franklin 
J. C. F. Trachsel 
W. N. Haden 

C. R. Bishop 
Thos. Barwick 


Joun S. BRENNAN, 
Wa. C. VROoMAN, 
L. B. SCHERMAN. 


The President: You have heard the report of the Tellers. 

Secretary Mackay announced the result. 

The President: We will proceed to the “ Topics”: “ The 
relative advantage of low pressure and vacuum systems for 
small work in residences.” (No discussion.) The, next ques- 
tion is No. 2: “ The ventilation of tunnels, subways and kindred 
constructions.” I believe Mr. Cary has something on that 
subject. 

Mr. Cary then read the paper. Plans were distributed in ex- 
planation of the paper, and it was discussed by Messrs. England, 
Barwick, Wolfe and Crane. 

Secretary Mackay: The proprietor of this hotel and his 
brother, who is the engineer, and who designed the apparatus, 
have suggested that if a’ sufficient number of the members are 
interested they will be glad to have them inspect their heating 
and power pliant to-morrow morning, at any time they might 
arrange, say at eleven o'clock, or any time. 

The President: I think you will find that a very interesting 
subject, gentlemen, and I am sure all those who can do so will 
be benefited by it. 
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Secretary Mackay moved to adjourn until to-morrow, Wed- 
nesday, January 18th, at 2 o’clock p.m. (Adjourned.) 


THIRD SESSION, WEDNESDAY, JANUARY 18, 1905. 


The meeting was called to order at 2.30 p.m. by President 
Harvey. 

The President: Professor Carpenter will read his paper on 
“Investigation of accuracy of a direct reading hygrometer.” 

Professor Carpenter then read the paper. It was discussed 
by Messrs. Barron, Wolfe, Chew, Lyman, Brennan, Kitchen, 
Kent and Donnelly. 

President Harvey: If there is no further discussion we will 
hear Mr. Chew read Mr. Thompson’s paper, entitled, “ Gas as a 
fuel for hot-air heating.” 

Mr. Thompson’s paper was read, and discussed by Messrs. 
Chew, Harvey, Kent, R. C. Carpenter, Barron, Cary and Don- 
nelly. 

President Harvey: If there is no further discussion, we will 
proceed to Mr. Bolton’s paper on “ Steam heating in connection 
with condensing engines.” 

Mr. Bolton read a brief abstract of his printed paper. It 
was discussed by Messrs. Kent, Carpenter and Almirall. 

President Harvey: If there is nothing further on this subject 
we will proceed to Topic No. 3: “ Grate and heating surface and 
their relation to space and exposure in furnace heating.” 

The paper was discussed by Messrs. Chew, Kitchen, Oldacre, 
Kent, Lyman, O’ Neill, Bolton, Armstrong and Barron. 

Mr. Quay: I move a committee of three be appointed to in- 
vestigate this question. 

President Harvey: I think we have a Committee on Tests, 
Mr. Quay. . 

Mr. Quay: I think we had better have a special committee for 
this one thing. There seem to be no data after all our discussion. 
I think a special committee should be appointed to make a thor- 
ough investigation and report at the next meeting. 

Mr. Kent: I second the motion, and wish to say the Com- 
mittee on Tests is no good. I have been a member for some 
years, and we cannot do anything and won’t do anything until 
we have the means to do it with. The committee Mr. Quay 
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suggests, I believe, is a committee for compiling information now 
existing. I think Mr. Chew would make a most able member 
of that committee. Let them get these data together, put them in 
some shape—let us know about the proportion of grate and- 
heating surface, of flue area, cooling surface of houses, etc. 
Let us find out what we do know and put it in the shape of a 
paper. It would not involve any tests, but only such records 
as the Society can furnish. 

President Harvey: You have heard Mr. Quay’s motion, sec- 
onded by Mr. Kent, that a special committee be appointed to com- 
pile information in regard to furnace heating. All in favor say 
“* Aye.” 

The motion was agreed to. 

I will name as that committee Professor Kent, Mr. Chew and 
Mr. Oldacre. I would also suggest the committee call with them 
what other men they think will give them the greatest aid in 
working out the best results that they can get, and present the 
data at our next annual meeting. 

Professor Kent: I accept that position, and I will ask the So- 
ciety to appropriate enough money to send out circular letters to 
every member, asking for such information as they can send in, 
and we can then compile that information. Our committee can 
get together and frame a list of questions that ought to be asked 
in order to get the information. 

President Harvey: It is in your hands now. Professor Kent 
is President for next year. It is up to him to look out for that. 
If there are no objections we will proceed to the last topic. 
It is Topic No. 4: “ The requirements of heating boilers using 
bituminous coal.” 

The topic was discussed by Messrs. Cary, Crane, Barron, 
Capron and Shanklin. 

Professor Carpenter moved the meeting adjourn until to- 
morrow, January 19, at 10.30 A.M. (Adjourned.) 


FOURTH SESSION, THURSDAY, JANUARY I9, I905. 


The meeting was called to order at 10.30 A.M. by President 
Harvey. 

The President: We are a little behind time, but have been wait- 
ing for a quorum this morning. Mr. Mackay has a paper from 
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Mr. A. B. Reck, of Copenhagen, Denmark, “ Experience with 
radiators in the top story of a building.” 

Secretary Mackay read the paper. It was discussed by Messrs. 
Chew, Quay, Barron, Kenrick, Brennan, Monroe, Mackay, Car- 
penter, Kent, Snow and Vrooman. 

Secretary Mackay: As the members will recollect, this is an 
addition to the paper presented by Mr. Reck, at our last annual 
meeting, descriptive of his system. These are some troubles ex- 
perienced in the application of it in a building in Chicago, which 
he thought, as a matter of record, should be included in the 
proceedings of the Society, and which would strengthen his 
paper. 

Professor Carpenter: I move that Mr. Reck be requested to 
give a more detailed account of this particular case. 

Seconded by Mr. Kenrick. 

The motion was agreed to. 

President Harvey: The next paper on the programme is en- 
titled “ The circulation of hot water,” by Mr. John S. Brennan. 

Mr. Brennan read the paper. It was discussed by Messrs. Cary, 
Mackay and Kent. 

The President: If there are no objections, I think a motion to 
adjourn until afternoon would be in order. It is now after one 
o'clock. 

Secretary Mackay moved to adjourn, which was duly seconded 
and agreed to, and the convention adjourned to meet at 2.30 P.M. 


FIFTH SESSION, THURSDAY, JANUARY 19, 1905. 


The meeting was called to order at 2.30 p.m. by President 
Harvey. ‘ 

The President: We will now proceed to the discussion of 
Topic No. 6: “ Methods of heating large bodies of water for 
public baths and industrial purposes, by steam or otherwise.”’ 

The topic was discussed by Messrs. Blackmore and Kenrick. 

The President: We will now listen to a paper on “ European 
methods of heating fifty years back,” by R. C. Carpenter. 

Professor Carpenter then read the paper. It was discussed 
by Messrs. Barron and Mackay. 

Secretary Mackay: The Committee on Tests was not in a 
position, on account of the Chairman not being present, to make 
a report the first session. Professor Carpenter, the Chairman, 
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is here now, and I understand has a report to present. I move 
we return to the head of Committee on Tests. 
The motion was agreed to. 


REPORT OF THE COMMITTEE ON TESTS. 


Professor Carpenter: The Committee on Tests has had such 
meetings as were possible during the time of the sessions, and 
I am simply presenting something to the Society which will serve 
as an excuse for the existence of the committee. After I have 
read the paper, I wish to make a few remarks concerning what 
I think should be done with the committee. 

Professor Carpenter then read the paper, entitled “ Test of a 
steam-heating boiler.’’ 

Professor Carpenter: In regard to the Committee on Tests, 
the committee has found it difficult to devote any time to making 
tests. I think that this is the first attempt to present any data 
of any kind for the Society through this committee. I have com- 
menced work, on two different times, which, I believe, if it had 
been carried to a conclusion would have given some valuable re- 
sults, but other work has prevented the finishing of those inves- 
tigations. It seems to me that such a condition of affairs is 
likely to continue, and that the committee is likely to be of very 
little benefit to the Society as an investigating committee. It 
strikes me that every individual member of this Society should 
feel it his duty, if he gets hold of valuable scientific data, to pre- 
sent them to the Society, and, consequently, that every member 
might consider himself a member-at-large of such committee. 
In such a case there would be no particular use of the committee 
except to classify and arrange such data. I feel, as the result of 
past experience, that the committee is one which is likely to do 
the Society no good, simply because the men who compose it do 
not have the time to carry on testing work, and the Society does 
not have the means which could be used in this way. I believe 
fully as much could be accomplished if the committee were done 
away with. (Applause.) 

Mr. Chew: I agree with what Professor Carpenter has said 
as regards the difficulties of the committee, being composed of 
men living in different places, working together on any specific 
piece of work or any big work. If we have a Committee on 
Tests, there is a place for a record of the work any individual 
may do, and which Professor Carpenter suggests be turned into 
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the Society, to be filed. Then the Committee on Tests can tabu- 
late from whatever may be submitted something of benefit to 
the Society. To discharge the committee no doubt would be 
gratifying to the members of it. I do not think the Society has 
any right to find any fault with the fact that they have accom- 
plished very little. The committee can be continued and the 
Society can entertain the same feelings of generosity towards 
them as in the past. Then the Society can take up the Professor’s 
idea of working as a committee of the whole and reporting to a 
central head. I would recommend, instead of discharging the 
committee, that the committee be authorized to send through the 
Secretary to the members, with some of the papers he sends out 
from time to time, a vote or some other thing, a specially pre- 
pared letter or blank. The Committee on Tests can formulate 
a series of questions that they would like to know about, heating 
high buildings by means of hot water, for instance, the two-pipe 
system, overhead or under feed, etc. I think if the Committee on 
Tests works in that way that we probably can gather together data 
that the Committee on Tests would like to have. I am afraid if 
we discharge the committee we will have nothing. We have had 
Professor Carpenter’s report, and our Proceedings will show 
that something has been done. There is something in our Pro- 
ceedings to show we have had a committee, and if we discharge 
that committee I doubt very much if the same results will show 
in future Proceedings. I strongly favor the continuance of the 
committee, and make the suggestion that the committee form- 
ulates questions in reference to different kinds of work, to be 
sent to the members. 

Secretary Mackay: I agree with what Mr. Chew'says, but 
see one possible objection—not on account of the work—but we 
took a vote of this Society on the métric system some time ago, 
also voted on amendments to the by-laws and things of that sort, 
something of vital interest to every member of this or any other 
engineering society, and less than one-third of our membership 
voted on the questions; whether they were too busy or what, I 
do not know. We don’t seem to be able to get our members to 
give an expression of opinion. We don’t get a majority—not 
one-third, either through press of business, lack of inclination, 
or something of that sort. We might go to a good deal of 
trouble trying to get certain things, which we would not get 
judging from past results. 
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Mr. Oldacre: I wish to make a motion, that a question box be 
constituted as a feature of this Society under about the follow- 
ing ideas, as near as I can get at it. That any questions that may 
arise during the course of the year be sent to the Secretary, and 
let those questions be sent out not less than thirty days prior to 
this meeting, in printed form, so that every member can have an 
opportunity to study the questions. Let these questions be read 
before the meeting, so it will give a chance for everybody to dis- 
cuss them. 

Mr. Barron: I want to impress upon the membership this fact 
—take the report on this boiler which has been described. To 
do the work properly, the boiler should be down in full plan, 
details specified, the names of the parties making the test, and 
everybody concerned or interested. Every man examining the 
paper should apply the personal equation. But we cannot do it. 
We simply can do the best we can, and it is impossible, for com- 
mercial and other reasons, to do more. This is not a commercial 
body. We are technical, and if we get into the commercial line 
the allegation will be made against us that we are a commercial 
trade society. All we can do is the best we can in the direction 
stated by Professor Carpenter, and the membership ought to 
appreciate it. 

Mr. Quay: There are two points. One, I understand the com- 
mittee is a standing committee under the Constitution, and that 
being the case, we cannot wipe it out. The other point is, I don’t 
presume it is necessary to keep the same members on the com- 
mittee year after year. It might be well to add some new mem- 
bers to that committee. 

Another point is, I think the work of any society is handled 
better by committee than in a general way, and I think it would 
be better for each committee to handle their business—write their 
own letters and attend to their own correspondence, rather than 
do it through the secretary. For this reason: communications 
from the secretary of any society become somewhat formal. 
Members are used to receiving them. 

Mr. Chew: I differ with Mr. Quay about the mode of pro- 
cedure. The trouble has been the committees don’t get together, 
and, consequently, cannot work. They are widely separated. 
They could, by correspondence, ask for information on given 
lines. When the committee, by correspondence amongst them- 





ELEVENTH ANNUAL MEETING. 25 


selves, have formulated a blank, it can be printed by the Secretary 
at a small cost, and in that way you can get information on lots 
of things. 

In regard to Mr. Oldacre’s suggestion of a question box, if 
we maintain in the Secretary’s office a question box, as he sug- 
gests, a man can ask questions and the Board of Governors when 
they sit can see these questions. The answers will be filed with 
the Secretary later. 

The President: Before putting that motion, I think if you will 
just write it out in as definite shape as possible it can go before 
the meeting in proper shape. 

Professor Kent: I move the question be referred to the Board 
of Governors. 

Motion seconded. 

Secretary Mackay: He makes it arbitrary to do certain things 
which are governed by our Constitution and By-laws. We can- 
not publish anything the Publication Committee will not endorse, 
and, as a result, nothing can go before the Society unless endorsed 
by them. 

The President: It is moved that the matter be referred to the 
Board of Governors, with power to use their discretion in the 
matter. 

The motion was agreed to. 

Mr. Jellett: We all listened to Mr. Snyder last night and noted 
what he had to say in regard to the services of Albert A. Wray 
and Loyal L. Davis, in connection with the bill recently passed 
‘by the Legislature of New York State. I think that this Society 
ought to show its appreciation of work done, and I would like 
to move that the Board be instructed by this meeting to prepare 
and have engrossed a set of resolutions embracing the sentiments 
of this Society, and thanks to the Hon. Albert A. Wray, of New 
York, and Hon. Loyal L. Davis, of Glens Falls, N. Y., in recog- 
nition of their services. Professor Cole, of Albany, also had a 
great deal to do with that work, and I think it would be well 
for the Society to extend to Professor Cole their appreciation of 
his services. 

The motion was duly seconded. 

The President: We can leave that to the Board to handle. 

Mr. Quay: I would suggest to include the Superintendent of 
Schools—I do not know his name. 
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The President: I think we can trust the gentlemen who have 
that in charge, Mr. Quay. 
The motion was agreed to. 


INSTALLATION OF OFFICERS. 


The President: The next matter on the programme will be 
the installation of officers. You have elected Professor William 
Kent, of Syracuse, N. Y., as your President; Mr. R. P. Bolton, 
of New York, as First Vice-President; Mr. C. B. J. Snyder, of 
New York, as Second Vice-President; Mr. W. M. Mackay, 
New York, as Secretary; Mr. U. G. Scollay, Brooklyn, as Treas- 
urer. If these gentlemen are here, they will please come for- 
ward. I would suggest that Professor Carpenter and Mr. Crane 
escort the newly elected President to the platform. 

(President-elect Kent was escorted to the platform amid ap- 
plause. ) 

The President: I place you in charge of the Society, and it 
gives me great pleasure to leave so valuable a man here. 

Professor Kent: It gives me great pleasure to be the successor 


of so worthy a man as our past President. 


(Professor Wm. Kent in the chair.) 


The President: Will you, Mr. Secretary, give me the next 
business in order? What about the First Vice-President? 

Secretary Mackay: Not present. 

The President: You have elected five directors. I introduce 
Professor Carpenter as the only surviving member of the Board. 
I will ask the Secretary if it is possible to have a meeting of the 
Board this week. 

Secretary: We can certainly get a majority of them. 

The President: The next thing on the programme is Topics 
for Discussion. 

The next is No. 5: “ Advantage of low pressure hot-water 
heating systems with the velociy of circulation increased by 
force of vacuum.” Howis it possible to apply force of vacuum? 

Mr. Chew: The question occupied much more space than is 
taken here. It comes from one of our French members, who 
presents in the question the words “emulsion” or “ pulsion.” 
When he says “ emulsion,” he means discharging steam into the 
pipe for increasing the temperature, not so much to drive it 
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along, but to increase the temperature and force circulation in 
that way. If it is possible to give any information that will be 
a help to him, I think he is entitled to it. 

Secretary Mackay: M. Debesson, one of our Paris members, 
suggested the topic. It was arranged that one of our new French 
members should read a paper descriptive of hot-water circulation, 
and it was in reply toa letter stating the paper would not be ready 
that this topic came up. 

The President: I wish some one would put in a written dis- 
cussion of the subject. I think there is a feeling that the efficiency 
of hot-water system would be improved if you had some economic 
means of forcing the water other than mere circulation caused 
by gravity. 

Mr. Quay: Regarding the Reck’s system being tested in this 
country, there was no report, but at the next meeting I have no 
doubt we will get some very clear information in regard to this 
system. I think we will have it at the next meeting. 

Topic No. 6: “ Methods of heating large bodies of water for 
public baths, etc., by steam,” was discussed by Mr. Cary. 

The President: The next Topic is No. 7: “ The efficiency and 
durability of internally fired boilers, Scotch marine type, with 
Morrison furnace, compared with horizontal tubular boilers, 
for ordinary power plants at 100 pounds pressure.” 

Secretary Mackay: That question was suggested by a gentle- 
man from Chicago, who has been here at all sessions, but is not 
here now. 

The President: Isn’t this outside of heating and ventilating? 

Mr. Cary: I do not see how this applies to the subject of heat- 
ing and ventilating. It seems an irrelevant question. There isn’t 
much to be discussed. 

Mr. Quay: I presume we are going outside our lines, and this 
subject is not strictly a heating and ventilating subject. It would 
be interesting, however, to hear some information on the subject. 

The President : We had better rule this topic out as not germane 
to the work of the Society. 

The President: The next Topic is No. 8: “ Methods of im- 
proving the Society’s records of the practice prevailing in dif- 
ferent systems of heating.” No. 10: “ The extension of the 
work of the Society in special fields.” No. 12: “ The attitude 
of engineers to the Society.” I am informed these are all ques- 
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tions relating to the general good of the Society, and are not 
technical. Topics 9 and 11 are technical. No. 9: “ Proportion 
of grate surface required for different fuels.” Has any one any- 
thing to say on the proportion of grate surface required for dif- 
ferent fuels? 

Topic No. 9 was discussed by Mr. Cary. 

Topics No. 10 and 11 were discussed by Mr. Barron. 

Topic No. 12 was discussed by Messrs. Chew, Childs, Mackay, 
Quay and Barron. 

Topic No. 11: “ The increased efficiency of heating apparatus 
using a fan” was then discussed by Mr. Quay and Professor Car- 
penter. 

The President : I am asked to extend an invitation to the mem- 
bers of the Society to go to East Orange, N. J., to see a new 
combustion apparatus by Dr. Kitchen. He has placed pamphlets 
on the table, and any one interested can get them. The pamphlet 
is entitled “ Scientific consideration of the subjects of saving fuel 
in heating and power production by improvement in the com- 
bustion process and by the conservation of the heating apparatus 
through its more effective transmission and working media.” 

It is getting near the time when we should adjourn. 

I have to announce the committees for the next year. After 
consultation with several members, it has been decided to change 
the membership somewhat of standing committees. I will an- 
nounce the following names: 

Compulsory Legislation: Andrew Harvey, Chairman; C. B. J. 
Snyder, S. A. Jellett, T. J. Waters, B. H. Carpenter. 

Committee on Standards: J. J. Blackmore, H. D. Crane, J. H. 
Kinealy, W. F. Wolfe, H. J. Barron. 

Committee on Tests: Wm. G. Snow, Chairman; A. A. Cary, 
R. C. Carpenter, J. A. Almirall, H. H. Ritter. 

Mr. Barron: I want to ask the privilege of having one of our 
members, Mr. Feldman, present a paragraph or two from a 
pamphlet he has on “ Humidity.” I think it could be included 
with the topical discussions. 

Mr. Feldman presented the paper. 

After a brief discussion the meeting adjourned. 
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INVESTIGATION OF ACCURACY OF A DIRECT- 
READING HYGROMETER 


BY R. C. CARPENTER. 


The following paper is devoted principally to the description 
and investigation of two direct-reading hygrometers of Ger- 
man make, which were sold by a Chicago store for less than 
$2.00 each. Both instruments are apparently alike and made 
by pasting some organic material, probably a piece of silk 
ribbon, on the inside of a spring coiled in the form of a flat 
spiral and very similar to a watch-spring in appearance. This 
spring is fastened at its center to a fixed post and is con- 
nected near its free end to a light pointer. When the organic 
material absorbs moisture from the atmosphere it winds more 
closely about the center and deflects the pointer over a grad- 
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Fic. 1.—DIrEcT-READING HYGROMETER. 


uated scale in one direction, while if the air becomes dryer the 
moisture is evaporated from the organic substance and the 
spring carries the pointer in the opposite direction. 

The graduations at one end of the scale correspond to fuli 
saturation, which is marked 100, and on the other end of the 
scale to absolutely dry which is marked o. The form of the 
dial of the instrument is shown in the accompanying diagram. 
Figure 1 and a perspective view in the half-tone form a photo- 
graph, Figure 2. 

The instrument is neatly mounted in a nickel case and 
would certainly be of great convenience to heating and venti- 
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lating engineers provided its indications would prove accurate 
and uniform. Even if the instrument should not be accurate, 
it would prove of value if the readings remained constant for 
the same conditions and could be corrected by adding or sub- 
tracting a uniform amount or by multiplying or dividing by 
a constant number. 

It is quite reasonably certain that the amount of moisture 
which exists in the air plays an important part in the comfort 
of people who are occupying heated rooms. While it is not 
definitely proved, it is doubtless practically true that if a 
room be very dry the temperature must be maintained con- 
siderably higher in order to make the occupants comfortable 
than if the air of the room contained a moderate amount of 


Fic. 2.—PHOTOGRAPH OF DIRECT-READING HYGROMETER. 


moisture, say 50 to 60 per cent. of that required for satura- 
tion. 


Instruments for measuring the amount of moisture in the 
air are called either hygrometers or psychrometers. There is 
no particular reason for using either the one term or the 
other, but in order to prevent confusion between the two 
types of apparatus referred to in this paper the term hy- 
grometer will be used in reference to the direct-reading 
instrument which has just been described, while the term 
psychrometer will be used when referring to the dry and wet 
bulb instrument which in the investigations referred to was 
arranged so that it could be whirled in the air. The latter was 
used as a standard of comparison in the tests to be described. 
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Direct-reading hygrometers are old inventions. I find sev- 
eral described in a work on Physics* which I have, which was 
printed in 1771, as being at that time old. The construction 
as described in the old book referred to is as follows: ‘The 
moisture and dryness of the air are shown by the hygrometer 
which is made in several ways, but that with a cord is most 
common and useful; that by shrinking with moisture will turn 
an index one way, and extending with dryness will turn it the 
contrary way over the graduated limb of a circle. It would 
be endless to take notice of all the methods that have been 
attempted by philosophers and most of them without success. 
However, some are better than others and will endure for a 
considerable time very well. I shall here give an account of 
one which is the best of any I have hereto thought of. It is 
made of a string, either of hemp or catgut, and shows the 
increase in moisture of the air by its twisting and shortening, 
and the dryness by untwisting and lengthening.”’ 

Saussure, in 1783, constructed a hygrometer in which he 
used a fine horsehair about 20 inches long, which he freed 
from grease by soaking in a weak solution of sodium car- 
bonate and then washing. This is often spoken of as the 
hair hygrometer, one form of which is shown in Figure 3. 
When the hair takes up moisture from the atmosphere it in- 
creases in length, and when it gives up moisture it shortens. 
This property of lengthening and shortening can be used to 
swing a lever or pointer over a graduated dial substantially 
as already described. Prof. W. Hempel, in his work on ‘‘ Gas 
Analysis,” translated by Prof. L. M. Dennis, states that such 
a hygrometer is very satisfactory for many purposes: It is 
generally constructed of the form shown in Figure 3. A. D. 
Hall, in his work on ‘‘Heat,”’ states that a better instrument may 
be made by using, instead of horsehair, whipcord that had 
been soaked in sea salt or in a solution of salt containing a 
little hygroscopic magnesium chloride. This causes the whip- 
cord to absorb moisture and lengthen by untwisting when 
there is an increase of water vapor in the air and shorten for 
the reverse condition. 

You are, I think, all familiar with the hygrometer sold as a 





* ** Philosophia Britannica,” by B. Martin. Third edition, Volume I1., London, 
£771. 
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toy which is actuated by the twisting or untwisting of a bit 
of catgut so as to bring the figure of a man to the door-of a 
little cottage when the air is near saturation, and the figure 
of a woman when the air is dry. Paper flowers soaked in a 
solution of cobalt salt will appear red in a moist atmosphere 
and blue in a dry atmosphere, and may be used as hygro- 
scopes for roughly showing the moisture contents of the 
air. 

The instrument commonly employed by the Weather 
Bureau* for the determination of the amount of moisture in the 











Fic. 3.—THE Harr HYGROMETER. 


air consists of a metallic frame constructed so that it can be 
whirled through the air and supporting two similar ther- 
mometers placed side bv side and so arranged that the bulb 
of one is kept constantly wet and the other dry, and both are 
exposed freely to the air. This instrument was used at first 
in a stationary position, the wet bulb being kept moist by 
wicking which covered the bulb and extended into a cup of 
water beneath, the water rising by capillary action. An 
extended use proved the necessity of whirling the instrument 
rapidly in order to bring the wet bulb in intimate contact 
with the air which is necessary for accurate determinations. 





* ** Psychrometric Tables,” by C. F. Marvin. Weather Bulletin, No. 235, Wash- 
ington, D. C., price 10 cents. 
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It is recommended that the wet bulb be covered with fine 
muslin, which is fastened with strong threads so as to fit 
smoothly over the bulb, and is wet by inserting the covered 
bulb in a cup or open-mouthed bottle which is fitted with pure, 
or if possible distilled, water, which should be practically at 
the temperature of the air. In order to obtain a reading with 
this instrument it is whirled or swung rapidly through the air 
for fifteen or twenty seconds, with a twisting motion of the 


























Fic. 4.—S inc Fic. 5.—PHOTOGRAPH OF 
PsYCHROMETER. Sunc PsycHromerer. 


hand. It is then stopped and the wet-bulb thermometer 
read ; the operation is then repeated three or four times or until 
the reading of the wet-bulb thermometer isata minimum. This 
instrument, as shown in Figure 4, is now employed as a stand 
ard by the United States Weather Bureau. The one used in 
our experiments is shown in Figure 5, and differs simply in 
the form of the frame used. Accurate tables have been con- 
structed from experimental data for reducing the thermom- 
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eter readings so as to show percentages of saturation.* The 
principle on which this instrument acts is due to the fact that 
as long as the air is not saturated, water will evaporate at the 
surface of the wet bulb, heat will consequently be withdrawn 
from the bulb and the temperature which the wet-bulb ther- 
mometer indicates will be less than that indicated by the dry- 
bulb thermometer. The difference of reading of the two 
thermometers will be proportional to the rapidity of evapora- 
tion, which is in turn a function of the relative humidity, so 
that the dryer the air the greater is the difference between 
the readings of the two thermometers. No rational or theo- 
retical law has been found connecting the readings of the wet 
and dry-bulb thermometers with either the dew-point or the 
percentage of moisture required for saturation. The results 
must be interpreted by reference to an experimental formula 
or a table which has been based upon experiments made by 
comparing the readings of the thermometers of the dry and 
wet-bulb instrument with hygrometers of other types. 

Another form of hygrometer was devised by Daniell for 
the measurement of the “dew-point,”’ which is the temperature 
at which the air becomes saturated with moisture. Daniell’s 
hygrometer consisted of a small and delicate thermometer 
enclosed in a bulb, with a broad gilt band on the outside on 
which it is easy to observe the deposition of dew. The bulb 
is connected to a second bulb and the two bulbs and the con- 
necting tube contain only ether and ether vapor. Ether is 
poured on the outside of the second bulb in such a manner as 
to cause a rapid evaporation from one bulb to the other and 
a lowering in temperature of the first bulb. The temperature 
at which the deposition of dew takes place is the temperature 
of the dew-point for the given conditions. This hygrometer 
was greatly improved by Regnault, but although it may be 
made to give the dew-point accurately it is a difficult and 
clumsy apparatus to use and has been largely superseded by 
the one previously described. 

The most accurate of all processes of determining the 
amount of water vapor in air is by passing a measured vol- 





* See United States Weather Bulletin, No. 235, ‘‘ Psychrometric Tables,” price 
10 cents; also ‘‘ Heating and Ventilation,” by R. C. Carpenter. New York : 
J. Wiley & Son. 
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ume of air through calcium chloride. The air being weighed 
before and after the experiment, the difference in weight 
shows the amount of moisture which it previously contained. 
Hempel in his work on ‘‘Gas Analysis” describes an accurate 
and quick method of determining the percentage of moisture 
by measuring the volume before and after the water vapor has 
been absorbed. 

The last three methods can hardly be used by heating ana 
ventilating engineers since they require apparatus and trained 
observers, which can only be found in a completely equipped 
laboratory. The sling psychrometer is a portable instrument, 
but its use requires some dexterity and considerable time. 
The data obtained with this instrument are reduced only by 
consulting tables which are given in my work on “ Heating 
and Ventilation”? and by the Weather Bureau. 

The object of the experiments to which reference has been 
made was to determine first, whether there was any direct 
relation between the readings of a direct-reading hygrometer 
of the first type and the sling psychrometer, and also to 
determine whether or not the errors of the direct-reading 
hygrometer remained essentially constant. 

The experiments referred to were all made by taking simul- 
taneous readings on the psychrometer and on the direct-read- 
ing hygrometer and comparing the results. Two direct-read- 
ing hygrometers were tested. These are referred to in the 
report as A and B. Hygrometer A was first tested in March, 
1904; it was also tested in December of the same year. The 
results of the two tests are not quite in harmony, but the 
difference is so small that it may be accounted for by the 
personal errors in the readings of the psychrometers, so that 
it is probable that there has been no change of importance 
during the first year of use. The slight discrepancy noted 
may also be due to the fact that the psychrometer is a diffi- 
cult instrument to read accurately and variations in the 
moisture conditions of the air in different parts of the room 
take place so rapidly and are frequently so serious as to cause 
considerable discrepancies in results obtained by different 
observers. I am satisfied that the results with the psy- 
chrometer depend a good deal upon the skill of the observer 
and the method of manipulation of the instrument. 
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The average of the results of the tests referred to indicate 
that Hygrometer A read too low by an amount which averaged 
very nearly two degrees, so that to correct the hygrometer 
reading with this instrument about two degrees should be 
added. Hygrometer B, on the other hand, reads high, an 
amount approximating five degrees. In the practical use of 
these direct-reading hygrometers they should be left in a 
horizontal position for some little time and read when in that 
position rather than when suspended from the ring with which 
the instrument is provided, being protected from moisture 
given off from the breath. The instruments are exceedingly 
sensitive to changes in moisture contents. 

The general results of the investigation indicate that the 
direct-reading hygrometer can not be depended upon as an 
instrument of precision, but that it can be depended upon to 
give approximately the percentage of saturation when its 
error is known sufficiently accurate for the purposes of the 
heating and ventilating engineer. It is necessary, in every 
case, however, to find the error of the instrument, which may 
be done by comparing each instrument with the results 
obtained by use of a psychrometer of standard form, in order 
that the amount of error could be accurately determined and 
corrections made for the same when necessary. 

In the investigations to which reference was made, the 
experiments were conducted through a wide range of tem- 
peratures and moisture contents. This was made possible by 
the use of a small building which was erected a year earlier 
for the purpose of noting the increase in temperature with a 
given radiation for external weather conditions. The experi- 
ments were also made with a wide range in moisture contents 
for each temperature. The individual observations are some- 
what variable, but the results of the comparisons obtained by 
three independent observers* do not vary greatly. For very 
high temperatures the error of Hygrometer A changes from 
negative to positive. 

The following table shows the average results of the cali- 





* W. M. Wilson, M.E., February, 1894; R. P. Schoenijahn, December, 1894; 
E. Hall Faile, December, 1894. 
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OBsBRVER B, 
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Temperature. 
Deg. Fahr. 


Hygrometer 
reads high deg. 
of saturation. 


Hygrometer 
reads low deg. 
of saturation. 


Range of 


Temperature. 


Deg. Fahr. 


Hygrometer 
reads high deg. 
of saturation. 


Hygrometer 
reads low deg. 
of saturation. 





58 to 7 0 


91 to 110 
110 to 130 
120 to 130 




















The errors with an instrument of this class are not great for 
the ordinary conditions of temperature and moisture con- 
tent, and it will serve a very useful purpose in all living 
apartments, showing at a glance the approximate condition of 
the atmosphere of the room with respect to moisture. 

The following short table is compiled from the extensive 
table published in U. S. Weather Bulletin 235, Washington, 
1900. It is useful in reducing the readings of the wet and 
dry bulb psychrometer: 


RELATIVE HUMIDITY OF THE AIR. 





Difference of TEMPERATURE OF THE AIR. 





Temperature, 


Wet and Dry Bulb. 70° F. 
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The following table is useful in computing the weight of 
moisture entertained by the air. It gives the weights in 
pounds which 1,000 cubic feet of air is capable of absorbing: 
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MOISTURE ABSORBED BY AIR. 


The quantity of water which air is capable of absorbing to the point of maximum 
saturation in pounds per 1,000 cubic feet at various temperatures. 





Degrees Fahr. Pounds in 1,000 cu. ft. Degrees Fahr. Pounds in 1,000 cu. ft. 





—20 .0313 
.0510 
0643 
0806 
1007 
1247 
.1536 
. 1887 
2301 
2797 
.3019 
. 3380 


Ee 





DISCUSSION. 


Professor Carpenter: The question may be raised in the minds 
of a good many as to the necessity of such a paper before a 
gathering of heating and ventilating engineers. The paper has 


a bearing on the method of determining the amount of moisture 


in a room. I was led to investigate several instruments manu- 
factured for measuring moisture in a room, and this paper gives 
the results of the investigation. 

My conclusions are that this simple instrument is one which 
will show, with a fair degree of accuracy, the moisture contents 
of a room. It may be in error 2 per cent. to 5 per cent., but it 
will show approximately the amount of moisture in the air. I 
think it is a very useful instrument. The cost is small, and I 
believe it would be well worth while for most mechanical engi- 
neers to have one. I might add that I have been investigating 
the moisture contents of the air in my house during the past two 
months with an instrument of this kind. The house is heated 
with steam heat, and is perhaps a fair average representative of 
any steam-heated house. I find that the moisture contents, ex- 
pressed in percentage of saturation, run from about 8 per cent. 
to 35 per cent., and that a good deal of the time it stands at about 
25 per cent. Out of doors at the same time I found the per cent. 
of moisture to be 60 per cent. to 70 per cent., so that the air in 
my house is extremely dry, dryer than the air, I think, you will 
find in most deserts. ; 
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Mr. Barron: I want to ask Professor Carpenter what he finds 
is the percentage of moisture on the average outside his house 
and the percentage inside—what are the relations? 

Professor Carpenter: That question is, perhaps, difficult to 
answer accurately. I have made a number of observations out- 
side, and I think have never found a time when the moisture 
was less than 60 per cent., and sometimes almost up to satura- 
tion—I think once or twice I found it nearly 100 per cent. I 
should estimate the average during the winter time to be, in our 
locality, taking the past month as a basis, approximately 80 
per cent. 

Mr. Barron: What is the percentage inside your house? 

Professor Carpenter: At the same time it would not run higher 
than 25 per cent., and often drops to 15 per cent. and lower. 

Mr. Barron: You live on high ground? 

Professor Carpenter: Yes, sir. 

Mr. Wolfe: These tables (referring to those mentioned in the 
report), as I understand you, were taken from Government re- 
ports? 

Professor Carpenter: Yes, sir. 

Mr. Wolfe: Ordinarily, people reading the hygrometer for- 
get the matter of temperature. Of course we know that air at 
100 degrees will carry more water than at 70 degrees. 

Professor Carpenter: It is interesting to note that scientific 
tables showing the relations of temperature saturation of the air 
and the amount of moisture absorbed by the air are to-day en- 
tirely different from tables published ten years ago. I think 
the United States Weather Bureau has published different tables. 
| know the tables in use at present differ from those used a few 
years ago. The numbers in the table are not deduced by cal- 
culation, but depend on actual experiments. I think the table 
given here is the best authority we have at the present time as 
to the percentage of water held in the air at different tempera- 
tures. The table at the bottom of page 41 shows the relative per 
cent. of saturation for different readings of the dry and wet bulb 
thermometer. Table 10, at the back, shows how much water is 
held when the air is saturated at different temperatures. It 
shows, for instance, that one thousand cubic feet of air will hold, 
when heated to a temperature of 100 degrees, pretty nearly three 
pounds, and also that when the same amount of air is 20 below 
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zero it only holds .03 of a pound, an exceedingly small amount. 

Mr. Barron: Can you give us some general averages of the 
moisture in the air, ordinary average through the whole win- 
ter, whether it isn’t about 50 per cent. of the outside air, and 
whether the average home throughout the country gets down 
to about 25 per cent.? If we can get general truths like that they 
will be of some value to us. Most of our truths are general 
averages. 

Professor Carpenter: I do not know that I could give any 
figures that would be very accurate. I think it is not greatly 
in error to say that during the winter months the percentage of 
saturation of out-door air doesn’t run far over 70 per cent. in 
our locality. In summer, not quite so high. I think it is pretty 
fair to assume that in the house 25 per cent. is not far from the 
average. The percentage of moisture in outside air varies 
greatly in different localities. 

Mr. Barron: You observed the temperature in the house where 
the dryness was about 22 per cent. to 25 per cent.? 

Professor Carpenter: The temperature in the house is about 
70 all the time, possibly varying from 68 to 72 degrees. It is 
quite probable—I do not say this as a fact—that if we run our 
moisture up to 60 per cent. we can run our comfortable tem- 
perature down eight or ten degrees. 

Mr. Barron: I want to get another word from the Professor. 
Irom his general statement he led me to believe if we get in- 
creased moisture in our houses of 60 per cent. of saturation that 
we can reduce the average temperature from what it is fixed at 
now, about 70 degrees, to about 60 degrees. I would like him 
to go into that a little further for us, if he will do so. 

Professor Carpenter : I do not have at present exact or accurate 
data, but there are a good many reasons for believing that if the 
air of a room could be made more moist-we would require less 
temperature. If the air were more moist the evaporation from 
the skin would take place at‘a much less rapid rate, and as that 
process is a cooling or chilling process, we must naturally have 
a higher temperature in order to counteract it and in order that 
the.room may be comfortable. 

It is also known that in some countries, for instance, those 
of Continental Europe, 59 degrees Fahr. is a comfortable tem- 
perature. The only way we can reconcile that practice with 
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ours is by assuming that more moisture is found in their homes. 

I have had some experience with natural gas. I have learned 
that at one time in some portions of the country it was cheaper 
to let it burn constantly than to use muscle enough to turn it 
off, and as a result in rooms temperatures were allowed at times 
to get high. Such rooms were very dry, and the people living in 
them wanted the temperature something like 75 to 80 degrees 
or else they felt uncomfortable. In the extremely dry air pro- 
duced by the constant heat they felt chilly unless the air was at 
a very high temperature. These things are but relative, and I 
am not sure that they are of any value whatever. 

Mr. Barron: General statements are not of any scientific value, 
but they are of value in this way—they get the general drift of 
men’s minds. If we can learn in our practice that we can re- 
duce the temperature or the heat of a building by increasing 
the moisture, equalizing it with the moisture outside, it would 
be a valuable general truth. While it is not a specific truth or 
a scientific truth, yet it would be a general fact for us to know, 
and in order to get it in men’s minds, if it is a fact, is why I am 
trying to get the Professor to explain. 

Mr. Chew: I would like to hear from some hot-air furnace 
men. Nobody has spoken from the furnace standpoint. I see 
Mr. Lyman sitting over yonder. 

Mr. Lyman: I have experimented on this Line, but the experi- 
ments were so crude as to furnish no real data. I had always 
felt that possibly, in the moister sections of our country, the 
drying out of the air might not be any serious disadvantage, but 
several articles published in the Journals recently have referred 
to keeping the water-pan full. It does seem as if the temperature 
of a room were more comfortable by about two degrees if there 
is a plentiful supply of moisture. I have felt sometimes that I 
would like to carry experiments far enough to be able to regu- 
late the amount of moisture supply for varying weather condi- 
tions, but so far all I can say is that it seems it does not require 
quite so high a temperature for comfort if there is abundant 
moisture in the room. . 

Mr. Brennan: I made a few observations in my house. I 
have a furnace-heated house and have one of these hygrometers, 
and several times when the thermometer in the house registered 
80 degrees it was not uncomfortable. I had the water-pan, but 
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the hygrometer showed very dry. I would use considerable water 
by putting the pans in the different registers, and would use, 
possibly, in ten hours, fifteen gallons of water, and I found by 
using that water that the house was comfortable at 68 degrees 
—more so than at 80 degrees when I didn’t use water. 

Mr. Chew: Can Mr. Brennan give any idea of how the hy- 
grometer read without the water-pan being filled afterward? 

Mr. Brennan: It would change in five or ten minutes, some- 
times. It seemed the air outside would change. The hygrom- 
eter in one hour would be very high, very dry, and after putting 
in the water, without doing anything, it seemed the air outside 
would change and the cold air come in through the furnace and 
change the hygrometer. It seemed almost impossible to keep 
that hygrometer down to where it was very moist. But by using 
the moisture, or taking a piece of cloth and saturating it and 
laying it over the pan in the register, it seemed to make more 
moisture in the air, and by running a lower temperature of heat, 
say 65 degrees to 68 degrees, the air felt comfortable, and you 
felt as if you were plenty warm enough. 

Mr. Barron: I want to ask Mr. Wolfe if he knows of any 
experiment made where the moisture was increased in a room 
up to 90 per cent., or near the saturation point at 100 per cent., 
what the results were in heating the room, and if there was 
comfort with the lower temperature? 

Mr. Wolfe: No; I do not. 

Mr. Kitchen: What degree of saturation is the most healthful 
condition? I know from my own experience that moist, summer 
temperature gets disagreeable with a high saturation. I have 
a place in New Hampshire, where it is extremely dry, and we can 
live in comfort there in summer out-of-doors with the tempera- 
ture at 60 degrees, whereas in East Orange, to be comfortable 
in the house we have to have about 75 degrees. We have a large 
lot of Jersey cattle there—rather delicate—with no special pro- 
tection for them, and the temperature goes to 17 and 20 below 
zero. I think when the temperature was 17 below zero I could 
go out without hat and coat. But it was dry. In my own house 
I have steam heat and hot-air furnace. The hot-air furnace is 
small and simply dries the air to a certain degree—I don’t know 
what it is, but I know when the air is comfortable. I think if 
the air is too dry it has an effect on the mucus membrane, nose 
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and throat, and perhaps the skin, but as a’ matter of fact the 
more moisture you have in the atmosphere the more you feel 
the vapor on the body. I think that is a general principle that 
can be accepted. I would like to know from the Professor if 
there are any data as to the best amount of saturation. 
Professor Carpenter: This question is a little different from 
any of the others as to the effect due to dry or moist air. I do 
not know of anything very definite relating to the question. I 
have searched for information along that line with little satis- 
faction. This much is true: that dry air might for certain con- 
ditions or diseases be much more healthful than moist air. I 
haven’t been talking about healthfulness in my discussion, but 


feeling comfortable.” It seems, however, fairly prob- 


about 
able that a moderate degree of saturation is more comfortable, 
and also more healthful, than extreme dryness or extreme damp- 
ness. We know extreme dampness is not healthy in all cases. 

sut,on the other hand, we know certain diseases require extremeiy 
dry air in order to be properly treated; so the question of health 
is very complicated. When the weather decreases in temperature 


the moisture increases, and when the weather is wann the reverse 
is true. In our locality we are likely to have a good deal of 
moisture in the air in the spring and fall, and we have many 
bad colds. I feel certain that you will find a difference of opin- 
ion as to the healthfulness and unhealthfulness of dry or damp 
weather. It depends largely on the disease to be treated. 
Professor Kent: I think there was a discussion of this sub- 
ject at the last meeting, but the volume is not yet printed. I 
think it was shown in that discussion that there has been a change 
of opinion within the past few years in regard to that question. 
It used to be that all the furnace-heat men thought it necessary 
to have a water-pot in the furnace to make moist air. I know 
cf a case where the hot-water pan used to get dry too frequently 
on account of being too near the furnace, and another water pan 
was placed immediately under one of the registers in the parlor, 
which was kept full of water, and in that the atmosphere was 
kept pretty well saturated. It was thought to avoid quick evap- 
oration, one of the former troubles, but the windows were found 
to be coated with ice on account of too great evaporation in the 
room. In Syracuse I find the custom is not to have water-pots 
at all, and we don’t notice any difference. We have an extremely 
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dry atmosphere there in the winter time; last winter it was 20 
degrees below zero sometimes, and every one said that they 
dlidn’t feel the cold twenty degrees below as the people in New 
York City did at zero. 

Speaking of comfort, some years ago in Pittsburg, in the 
steel works, it was noticed in June when the thermometer got to 
go in the shade that the men were quitting work, and it was 
very hard to keep a full force of men. In September, with the 
temperature 102, not a man left. The atmosphere was very dry, 
and at 102 the men didn’t suffer from the heat, but they suffered 
badly with the thermometer at 90 in June, with maximum 
humidity. 

On the other hand, I know doctors treat some cases by keeping 
the air saturated with moisture, while for lung diseases the 
patients go to Arizona to get dry air. 

Mr. Chew: The question has not been answered. We have 
in our office a horsehair hygrometer which says: “ From zero 
to 45 is disadvantageous to men and animals; from 45 degrees 
to 70 degrees is normal.” The atmosphere should have from 45 
degrees to 70 degrees of humidity to be normal. These words 
are above it, which would lead you to suppose normal humidity 
was between 45 and 70 degrees. There is considerable variation. 
Indoor and outdoor conditions widely differ. 

Mr. Blackmore: The discussion as far as it goes shows that 
we have gotten very few actual data as to what moisture is neces- 
sary for the air in a room to produce comfort. Opinions have 
been expressed that it would vary a great deal with different 
people. That is undoubtedly so. Mr. Chew throws a little light 
on the subject by stating that authorities have said that from 
40 to 70 was the normal amount of moisture required. I speak 
of 40 to 70 per cent. of moisture, 100 per cent. -being saturation, 
or 100 meaning the air is carrying all the moisture it can carry 
without precipitation. This is an engineering society, and it is 
one of its functions to determine these facts. I think the facts 
could be arrived at without much trouble. 

Professor Kent said in his remarks that people were largely 
doing without the evaporating pan. I think his experience, and I 
know my own, will teach that what the public at large does is not 
a safe guide. I think we got accustomed to the vapor pan years 
ago, and we are now going to the other extreme in neglecting 
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a very vital factor in our comfort and health when we neglect 
to use these pans. The question is not a difficult one of solution. 
If each one of the members who are interested in the business 
when making an installation would make a few observations, 
they could very quickly find out when the people were most com- 
fortable, and if they made observations at these times to find out 
what the percentage of moisture was in the rooms, we could 
quickly arrive at a definite percentage to suit most people. 

There is another point overlooked. Professor Kent says they 
have weather in Syracuse below zero. It is a well-known fact 
that when the air is below zero its moisture is precipitated—it 
is abiy to carry very little. The introduction of the air at that 
low temperature on a heated surface, such as a hot-air furnace, 
puts the air in a condition where it has an intense thirst for 
moisture. If the required moisture is not supplied at the furnace 
it will be taking it out of the occupants in the rooms or anything 
that has moisture. Any one sitting in such a room—no doubt 
every one of you have felt it at times—will feel a parched condi- 
tion of the skin, will feel uncomfortable, and yet I doubt if any 
of us have thought seriously what was the cause of that condi- 
tion. It is obvious to any one if we think carefully over it. It 
is due largely to lack of moisture in the air. Professor Kent says 
they think rather of the remedy than the cause. We don’t want 
to run away with the idea that internal thirst is always indica- 
tive of dry air. I don’t know that I can throw any more light on 
the subject than has been given, but I want to go on record 
as one feeling that we have not gotten all the data possible on 
the subject and that it is a duty the members owe to each other 
and to the Society that these facts should be brought out and 
put in such shape as to be understood. 

Mr. Wolfe: I was in the heating and ventilating business com- 
mercially, and naturally when tests were to be made I wanted 
the conditions as nearly favorable to myself as I thought I could 
have them. I did not depend altogether upon the water pan. I 
used what might be called a water pan, but in addition used a 
cotton cloth—cheese cloth—suspended with lower end in the 
water, and, by capillary attraction, the cloth would be moistened, 
and estimating that with the humidity ranging from 60 to 6s, 
and with the temperature at 70 degrees, results were entirely 
satisfactory in every way. I found with too many cloths the 
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humidity was too high, and worked upon the basis of 70 degrees 
temperature with the humidity from 60 to 65, assuming that the 
occupant would be under sixty years of age, because as they pass 
that and grow older more heat is required for comfort. These 
conditions seemed to be the best to work under to have the 
apparatus passed as being satisfactory. 

Mr. Chew: In reference to water pans for furnaces, I was 
talking with several of what we would call expert furnace men 
recently ; men doing the better class of work, who don’t have to 
sell fifty or one hundred in a lot where price is a consideration 
and durability is absolutely lost sight of, but men who spend 
most of their time in selling to people who buy homes and can 
afford to pay the price of a good job. These men all complained 
of the fact that at the present time most of the furnace manufac- 
turers are not laying sufficient stress on the value of the wate: 
pan in furnaces, neither are they furnishing them. As was said, 
a few years ago, the furnace water pan was carried to the extreme. 
In my time in the furnace business the order came from the 
office to ship the water pan with the furnace when it was ordered, 
not otherwise. That you can see would save a few thousands 
of pounds of pig-iron and quite a bit in moulders’ wages in the 
course of a year. The men who put the furnaces in the house 
didn’t object to the manufacturer, and the water pan has gone 
out of existence. It is a step in the wrong direction. Furnace 
work should not be completed without some means of moisten- 
ing the air. 

Mr. W. T. Donnelly: I want to adda word. There is a point 
that is often overlooked in this question of moisture. There is 
no question but what moisture exists in the air. We know it 
as moisture saturation generally, as has been spoken of. It also 
exists in the air in the form of suspended moisture or small par- 
ticles of water. We speak of this condition of moisture in the 
atmosphere as mist. The change of the weather largely controls 
our feelings at any particuldr time. We have what we speak of 
as the March air, the September or October air. It may be the 
same temperature or same humidity for March as September, 
but the feeling is altogether different. You must take into con- 
sideration, if you are going to heat a building, all these condi- 
tions, and understand all of them, before you can hope to meet 
them with your apparatus. 
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Mr. Barron: I hope the Professor will answer a hypothetical 
question. If the outside moisture is 60 per cent. and the moisture 
in here is 30 per cent., by increasing the moisture to 60 per cent. 
could we reduce the temperature to 70 per cent. and have the 
same comfort? 

Professor Carpenter: I think the temperature now is some- 
what below 70 degrees and the moisture, I believe, about 25 per 
cent. I feel quite certain if the moisture contents could be in- 
creased the temperature could be reduced. A number of ex- 
amples showing that such is the case have been given. If the 
moisture content is increased, the temperature can be lower a 
few degrees and still produce the same degree of comfort. 

Mr. Wolfe: We know that is so. We know from our own 
experience in the summer when the thermometer is 90 degrees 
or 95 degrees, with the humidity at 90, we suffer. While, on 
the other hand, if the humidity is 65 and the temperature is 90 
degrees or 95 degrees, we get along very well. 

Mr. Barron: That has been demonstrated in Arizona. 





CXXXVI. 
GAS AS A FUEL FOR HOT-AIR HEATING. 


BY R. S. THOMPSON. 


For cleanliness, convenience of management and economy 
of labor, gas is the ideal fuel. I believe the day is not far 
distant when the householder would no more think of fitting 
his cellar with coal in order to supply his house with heat 
than he would of putting a slaughter house in his cellar in 
order to supply his family with meat. 

So obvious are the advantages of gas as fuel that on the 
introduction of natural gas, most people in the gas regions 
who had hot-air furnaces made haste to have the grates taken 
out and gas-burners put in. They had their cellars cleaned 
up and their coal-bins taken away. 

In a large proportion of cases, after a trial for a single sea- 
son, they made equal haste in having the gas-burners taken 
out, the grates put back and their coal-bins fitted up again 

So generally unsatisfactory was the result of the attempt to 
use natural gas in hot-air furnaces, that it became a generally 
accepted idea throughout the gas regions that gas was adapted 
only for use in stoves and was entirely unsuited to hot-air 
furnaces. 

And yet there is no scientific reason why gas cannot be as 
successfully used in hot-air furnaces as in any other form of 
heating apparatus. 

The difficulty arose from lack of proper consideration of 
the conditions requisite in using a new fuel. Furnace men 
were putting new wine irtto old bottles. The result was that 
the old bottles (furnaces) were spoiled and the new wine 
(natural gas) was wasted. 

There is a wide difference between a gas fire and a coal 
fire, each developing the same number of heat units per min- 
ute. 

With coal, there is a bulk of intensely heated carbon throw- 
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ing off radiant heat in great quantity, “consequently the 
fire-box and combustion-chamber of the furnace become 
intensely heated by that radiant heat and a comparatively 
small amount of this highly heated surface will heat a large 
amount of air. 

There is comparatively little radiation of heat from the 
pure blue flame produced by the perfect combustion of natural 
gas. The heat produced is principally contained in the gas- 
eous products of combustion. Owing to the dilution of these 
products with the nitrogen from the air and with the excess 
air usually admitted, this temperature is not very high. 
One of the principal products of the combustion of gas is 
water in the form of steam, and this contains in latent form 
a large amount of heat. 

In the combustion of one thousand cubic feet of natural 
gas there will be produced from eighty to one hundred pounds 
of water in the form of steam. This steam will contain 
from eighty to one hundred thousand B. T. U. as latent heat 
which cannot be utilized until the steam is condensed into 
water by lowering its temperature below 212 degrees. 

The attempt to heat a building with steam, allowing the 
live steam to escape uncondensed into a chimney, would be 
no more extravagant or unscientific than the attempt to heat 
with gas while allowing the live steam produced by the com- 
bustion of the gas to escape uncondensed into the chimney. 

In order to use gas successfully and economically in hot- 
air heating, the following points are necessary: 

1. A burner which will secure combustion of all the gas 
which passes through it and will not permit the production 
of carbon monoxide, or as it is commonly called “carbonic 
oxide gas.” 

2. A sufficient amount of surface exposed to the products 
of combustion on one side and to air at a temperature very 
considerably below 212 degrees on the other, and so arranged 
that the products of combustion will be reduced to a tem- 
perature below 212 degrees before leaving the furnace. 

3. A sufficient quantity of air passing through the furnace 
to take the heat from the products of combustion without 
itself becoming sufficiently heated to impair its power in 
extracting heat. 
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4. Provision for getting rid of the water of condensation 

We will consider these points in order. 

The Burner.—There has been much unscientific talk on 
this subject. The heat is in the gas, not in the burner. If 
a burner secures the combustion of all the gas which passes 
through it without the production of carbon monoxide, it 
has done all that can be done. Talk about burners which 
burn large quantities of air is all nonsense. <A cubic foot of 
gas in complete combustion combines with a fixed quantity 
of oxygen. This quantity can be neither increased nor 
decreased. If the quantity of air supplied is insufficient, 
part of the gas will be unburned. If the air is supplied in 
excess of requirement, the excess of air will not be used. If 
more air is mixed with the gas than required, combustion will 
be imperfect and part of the gas will be unburned. 

A perfect gas flame is a clear blue and perfectly trans- 
parent. A white or yellow flame, or a milky-blue flame in- 
dicates imperfect combustion. Sometimes a gas flame seems 
blue, but by holding an object on the other side it will be 
found it is not transparent. This indicates imperfect com- 
bustion. 

If the flame “blows” or “lifts” away from the burner it 
shows too much air and consequently imperfect combustion. 

If the fire “streaks up” in long, ragged flames, there is 
imperfect combustion. 

If any portion of the burned gas mixes with the fresh gas, 
it poisons the latter and there is imperfect combustion, for 
a small amount of carbon dioxide mixed with gas renders the 
whole mixture incombustible. 

The best gas fire is obtained by a large number of small 
jets so arranged that each jet will be fed with pure air and 
that the burned gas from one jet cannot become mixed with 
the fresh gas issuing from another. 

A gas fire should have a supply of air in addition to that 
which is supplied through the mixer. It is impossible to 
supply enough air through the mixer to secure complete 
combustion, and one of the most common errors in setting 
gas-burners is the attempt to exclude all other air. 

On the other hand if an excess of air is supplied it will 
unduly reduce the temperature of the products of combus- 
tion. 
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It is a mistake to attempt to “hold the heat back,” by 
tightly closing the damper in the smoke-pipe. When this 
is too tightly closed the poisonous products of combustion 
are retained too long in the furnace and poison the fresh gas 
issuing from the burner. The way to avoid loss of heat to 
the chimney is to take the heat out of the products of com- 
bustion and then let them escape freely. When the heat 
has been extracted the sooner they are carried away the 
better. By actual test, with careful measurement of the 
heat units utilized in the air, I have found that more heat 
units were utilized with a free outlet to the chimney than 
with the damper tightly closed. In the latter case the smoke- 
pipe was cooler, but the total number of heat units developed 
per thousand feet of gas was less, showing that much of the gas 
was unburned. 

Considerable scientific knowledge, skill and common sense 
are required to properly adjust a burner and mixer so as to 
secure the proper mixture of gas and air and the proper pres- 
sure in the burner. A three-quarter inch mixer will, in some 
burners, carry in more air than an inch and a half mixer in 
others. No rule can be given. I have secured a perfect 
fire with a three-quarter inch mixer, using one hundred 
feet of gas an hour, and I have had other cases where not 
more than fifty feet of gas an hour could be burned with an 
inch and a quarter mixer. A burner adjusted for one local- 
ity may not work properly in another as the composition of 
the gas and the pressure in the mains differ. The supply 
pipes should be of liberal dimensions, especially if long, as 
the friction in the pipes will reduce the pressure, and a low 
pressure at the mixer means an imperfect mixture of gas and 
air, and, in consequence, imperfect combustion. 

The Surface-—It is impossible to give any hard and fast 
rule in regard to the amount of heating surface required, as 
there is much difference in the efficiency of surfaces, and so 
much depends on the quantity and temperature of the air 
carried over these surfaces. The problem is to extract the 
heat from the products of combustion, and no amount of sur- 
face will do this unless that surface is exposed to a constant 
current of air at a temperature considerably below 212 de- 
grees. In general I have found that, with a liberal air supply, 





56 GAS AS A FUEL FOR HOT-AIR HEATING. 


there should be about one square foot of surface for each cubic 
foot of gas burned per hour. 

Atr Supply.—This is not so difficult to estimate. Natural 
gas is a product of uncertain chemical composition, and this 
statement is even more true in regard to most artificial gas, 
but a good quality of natural gas should contain about one 
thousand B.T.U. to the cubic foot. This would heat about 
five hundred and fifty cubic feet of air one hundred degrees. 
It would therefore appear that the amount of air passed over 
the heated surfaces should be from three hundred to five 
hundred cubic feet for each cubic foot of gas consumed. 
The greater the amount of air and the lower its temperature 
when passing over the heated surfaces the more complete 
will be the exhaustion of the heat. 

This raises an interesting question as to what disposition 
should be made of this air after it is delivered to the room 
which I will consider later. 

Disposing of Water of Condensation.—This is one of the 
most difficult problems in connection with the use of gas as 
fuel. A thousand cubic feet of gas weighs about thirty-seven 
pounds, and if of high quality contains from nine to eleven 
pounds of hydrogen, but as each pound of hydrogen in the 
gas combines during combustion with eight pounds of oxygen 
from the air there is a production of nine pounds of water 
for each pound of hydrogen contained in the gas, and a thou- 
sand cubic feet of good gas will produce from eighty to one 
hundred pounds of water when burned. To allow this water 
to escape in the form of steam at a high temperature, in- 
volves, as already shown, a great waste of heat. To utilize 
this heat by cooling the products of combustion to the point 
where the steam will be condensed, involves the problem of 
disposing of the water of condensation, 

By proper construction of the burner and regulation of 
the air supplied to the fire, a large portion of this water can 
be mechanically carried off through the chimney in the form 
of mist which is suspended in the air after the latent heat 
has been removed, but some of it will, under some conditions, 
form into drops, run down the inside of the chimney and 
drop from the furnace. 

Therefore every chimney used for a gas fire should be 











XUM 


GAS AS A FUEL FOR HOT-AIR HEATING. 57 


perfectly straight and lined with tile, and’ provided with an 
opening at the bottom for the escape of the water. 

In several cases I have provided for a gas furnace a special 
chimney made of gas pipe from three to six inches in diameter, 
according to the size of the furnace, with an inch and a 
quarter pipe at the bottom connected with a drain. 

The furnace itself should be provided with some small 
openings to drain off the water, though, of course, the ar- 
rangement of these will depend on the construction of the 
furnace. I have been called to “sick furnaces’? where the 
trouble was that the lower flues had become completely filled 
with water. I was called to one case where the furnace was 
connected with the chimney by means of a smoke-pipe thirty- 
five feet long. This pipe near the chimney was close to a 
window. I found the trouble was due to a careless janitor 
who had left this window open and the pipe at this joint 
had become completely closed with ice. 

Most natural gas contains sulphur, and this when burned 
in connection with hydrogen produces sulphuric acid. The 
water of condensation is, therefore, usually quite corrosive. 
It will eat the mortar out of chimneys, hence the necessity 
for lining them with tile. It will corrode iron, so the smoke- 
pipe should be of heavy iron and coated inside and out with 
some acid-resisting paint. It should be kept in mind that 
the products of combustion of natural gas are not corrosive 
while hot. Corrosion begins only when these are sufficiently 
cooled to cause condensation of the steam. The more per- 
fect the operation of your furnace, the more trouble you will 
have with condensation. Complete absence of trouble from 
this source is usually an indication that the furnace is ineffec- 
tive. 

I referred to the problem of disposing of the large amount 
of air which, in using gas, is required to extract properly the 
heat from the products of combustion. With a furnace 
burning one hundred cubic feet of gas per hour this would 
require from thirty to fifty thousand cubic feet of air per 
hour. The large amount is preferable. 

But a family of six persons would require for the most 
perfect ventilation but ten thousand eight hundred cubic feet 
of fresh air per hour, so if all this air that is poured into the 
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house is allowed to escape at a temperature of 70 degrees 
through the windows or drawn off by a ventilating stack, 
there will be an enormous waste of heat. 

To my mind, there is but one proper solution of this problem. 
Return to the furnace all the air supplied in excess of the 
amount required for thorough ventilation. 

This would require additional expense in the installation 
of the system. But any system of hot-air heating is defective 
which does not provide means for the exhaust of the waste 
air as well as means for the supply of warm air. A perfect 
system of hot-air heating should include double piping, that 
is to say, one set of pipes for the supply and another set of 
pipes for the exhaust. 


DISCUSSION. 


Mr. Chew: This paper speaks of gas as a fuel for hot-air 
heating, and, while it applies to hot air, there are quite a number 
of boilers and other apparatus on the market that occasionally 
are used with natural gas, and if the thoughts brought out in this 
paper are kept in mind by those called upon to make that kind 
of apparatus work, they will surmount some difficulties heretofore 
a mystery to them. I think the paper is certainly a valuable one 
for the information it gives on combustion—the effect of too 
high and too low temperatures—in the heat that is wasted by 
not properly burning the fuel. That applies with equal force 
whether the fuel is wood, soft coal, coke or some other fuel. 

Mr. McCann: I want to ask the gentleman who read the paper 
how is he going to separate the air for ventilation and the air 
for the recirculators ? 

Mr. Chew: I do not know that I care to father the scheme, 
but I do know that in the West, far more than here in the East, 
they circulate the air, depending almost entirely for ventilation 
on what will come in around the windows, under the doors, etc. 
That has been discussed by correspondents in our paper quite 
considerably. Some men hold there should be absolutely no cir- 
culation of the air. The “ rotary system,” as the circulation idea 
¥s called by some, is favored considerably in the West and 
Northwest, where the temperature goes to 40, and sometimes 
60, degrees below zero. 

So far as separating it, I don’t think even the most pronounced 
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advocates of the system make any claim for'that. It is not un- 
common in this section of the country where the circulating sys- 
tem is used to restrict the outside supply and draw the supply 
from the inside of the building, and in that way you have enough 
air to fill all the hot-air pipes, but if there is not enough from 
the inside then it will come from the outside. 

Mr. Kent: There is a good deal of room for consideration in 
this paper, and I want to hear it discussed more fully. I regret 
I never saw the paper before until just now, and haven’t had 
time to read it. During the reading I found I was in entire 
accord with a great many statements made by the author. “A 
perfect system of hot-air heating should include double piping.” 
This is so, one set of pipes for the supply and another for the 
exhaust. I think the system is similar to the Aylesworth system 
of Canada, described at one of our meetings some time ago, but 
I think the paper contains a great many assertions without any 
attempt at bringing proofs. I wish the author had given some 
proofs of some of his statements, for to my mind some of them 
are not quite accurate. I will see if I can find one or two. He 
says: “If more air is mixed with the gas than required, combus- 
tion will be imperfect and part of the gas unburned.” I do not 
think that is strictly accurate. If you will try to burn gas with 
exactly the amount theoretically necessary, you will have imper- 
fect combustion. It requires, usually, about 30, or 40, or 60 per 
cent. maybe, excess of air in order to insure perfect combus- 
tion, and if you go beyond that, and give 100 per cent. excess or 
ever 200 per cent. excess, I think the combustion will still be per- 
fect. I can scarcely imagine a condition in which excess of air 
will cause the production of carbon monoxide and make-combus- 
tion imperfect, or refusing to burn the hydrogen and letting it 
pass off unburned. 

“Tf any portion of the burned gas mixes with the fresh gas, 
it poisons the latter, and there is imperfect combustion, for a 
small amount of carbon dioxide mixed with gas renders the whole 
mixture incombustible.” I think that is entirely wrong—that 
you can mix very large quantities of carbon dioxide gas with 
incoming air and have perfect combustion. Blast furnace gas 
contains about as much carbon dioxide as carbon monoxide gas, 
is thoroughly poisoned with nitrogen and with carbon dioxide, 
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and yet that gas is combustible, and is burned under blast furnace 
boilers and in heating ovens. 

Professor Carpenter: I do not understand this quite as Mr. 
Kent does. I understand this paper to refer in a very brief way 
to some difficulties which are experienced in burning gas. I think 
he has exaggerated some of the troubles. I know that in burn- 
ing natural gas, especially by an open flame, that it is exceedingly 
difficult to avoid smoke. We are likely to burn out the hydrogen 
first, leaving the carbon, which appears as black specks. I have 
had so little experience with successful gas burning I do not 
feel I can talk as an authority upon the subject, but I know there 
are such difficulties. 

Mr. Kent: There is another statement: “ There is compara- 
tively little radiation of heat from the pure blue flame produced 
by the perfect combustion of natural gas.” It is possible that is 
correct. That condition can be remedied by letting the blue 
flame heat to a white temperature a mass of fire brick. That 
method is used in Pittsburgh. 

Mr. Chew: There are men who favor the fire brick idea to give 
an incandescent mass, while other men experiment right in the 
opposite direction. Mr. Thompson is one of the men who be- 
lieve you will get better efficiency from gas consumed without 
the incandescent fuel. I give that as his point of view. What 
you say is true, a good many men have so experimented, but Mr. 
Thompson is working the other way, and believes the other way 
gives better efficiency. I do not know that he says so in his 
paper, but I know of the experiments he has conducted and the 
line of work he is on, from talks with him in Detroit last summer. 

Mr. Blackmore: It is a matter of regret that this gentleman is 
not here to read this paper. There are many questions I would 
like to ask in connection with this paper about problems which 
he may have solved in his experience but which are not in this 
paper. It is a good paper, but there is one thing he doesn’t deal 
with as clearly as he should. ° He speaks of combustion, yet does 
not state clearly the difference between combustion at the burner 
and necessary mixture before it reaches the burner. There are 
two functions mentioned. We all know if impure air, partially 
consumed air, is mixed with gas going into the burner it is im- 
possible to get good combustion, yet a considerable portion of 
that may be bad without interfering with the combustion itself. 
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This point he doesn’t bring out clearly in the burning of the gas. 
While my experience has not been extensive so far as gas burn- 
ing is concerned, I have noticed the mixing of air with the gas 
is a very essential feature. I do not see myself how a larger pro- 
portion of air being admitted at the furnace itself—around the 
burner, and yet away from the mixer, would have any effect on 
combustion whatever. 

President Harvey: There is one experiment I have tried with 
very good results. I was melting brass in a furnace with natural 
gas, and I took the waste heat from the furnace into a system 
of iron piping to heat the air before going into the gas mixer, and 
I found by actual test we could melt 100 pounds in 25 per cent. 
less time and with 33% per cent. saving of gas. We used a power 
blower to supply the air. Before we were taking the air direct 
from the outside temperature and blowing it against the gas, and 
there was a certain amount of time taken before we could heat 
the furnace. 

It is not so much a question of cool surface as it is the large 
proportion of unconsumed air escaping up the chimney. Any 
excess of air carried off with the gases would have a tendency 
to waste heat. 

Mr. Chew: I think I can give Mr. Blackmore just a little bit 
of information as to the first question he raised—about the air 
in contact with the flame. It was quite a common custom in the 
early days of natural gas burners to cut a hole in a piece of sheet 
iron and put the burner pipe—the supply pipe—up through that. 
The piece of sheet iron was so near the shape of the fire box 
that it made it almost air-tight, and to make it still further air- 
tight sometimes they packed asbestos around the edge, so that 
the burner really was in a case. No pure air was there to sup- 
port combustion on the outer edge. I think that is what Mr. 
Thompson is alluding to when he says there should be some air 
on the outside. Such an attempt was made in New York City 
to burn gas in a chamber, no air getting into it except through 
the mixer. The effect with four Bunsen burners all burning in 
the combustion chamber was that air would rush through one 
mixer so that the flame would leave that burner and all the others 
would burn better. I do not know that is the condition Mr. 
Thompson is speaking of, but I know this condition has arisen, 
and he may be trying to cover it in his paper. 
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Mr. Barron: The paper is an extremely valuable paper, but it 
is defective. He should have shown a furnace, and also radiators, 
and then the paper could be discussed properly and been of con- 
siderable value. 

But gas heating is a very important subject, and we are apt 
to overlook it. Partly it is the fault of our organization. To- 
day there are a large number of manufacturers engaged in mak- 
ing gas radiators and appliances for using gas, yet none are 
represented among us. 

Mr. Cary: One of the simplest gas-heating apparatus to warm 
rooms has recently appeared on the market. It consists of the 
lower part of a hollow sphere made of sheet steel punctured with 
holes to admit air which mixes with the gas. The gas and air 
mixed together are then made to pass out of the interior through 
a number of very small holes arranged along the under side of 
this sphere. In operation, the burning gas covers the bottom and 
outside of the sphere with a blue flame. This continuous flame 
is in direct contact with the air. I have found this heater both 
economical and effective. 

Concerning the apparatus described by Mr. Chew, which in- 
cludes a number of Bunsen burners with their top ends placed 
in an enclosed chamber, we find his device is quite opposite in 
principle to the one I have just described. The air and the gas 
in his apparatus are combined within the Bunsen burners, and 
then this mixture rises into a chamber containing an insufficient 
supply of air, which air is necessary to complete combustion on 
the outside of the flame. Had sufficient air been admitted into 
the flame chamber, complete continuous combustion would have 
been supported at all of the burners. 

I have had experience in burning natural gas under boilers, 
and its handling is in many ways similar to the requirements 
necessary for burning petroleum oil. I have had considerable 
experience with oil fuel in both boiler and metallurgical furnaces. 
With petroleum, in some cases we need an intense flame near the 
burner, while in other cases we require a long, extended flame 
running the entire length of a long chamber. By using air in 
the burner under high pressure, you can with the proper mixture 
of air and petroleum obtain an intense flame near the burner. By 
using air of a lower pressure in the burner you can obtain a 
longer flame, while by using steam in the burner you can obtain 
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combustion distributed over a much longer distance than when 
using air. 

Mr. Bernhard: Isn’t there serious objection to the heat spoken 
of? Wouldn’t it burn the oxygen with the air? 

Mr. Cary: I experimented with one burner last winter, and I 
found it was necessary to open the sash of a window slightly to 
allow the objectionable odor to escape, and to admit fresh air. 

Mr. Wm. Donnelly: My experience has been with heating 
water by gas, and it is remarkable to what a degree this has 
developed. It is possible with a copper coil to burn twenty-four 
to twenty-six cubic feet of gas per hour and transfer between 7 
to 75 per cent. of the heat of the gas to the water, and at the same 
time obtain such perfect combustion as almost to detect no odor 
from the combustion. No odor can be perceived by standing close 
to the burner where the products are discharged. 

I am interested in this paper, particularly the point brought 
out relative to the air surrounding the burner from the outside. 
That is a necessary consideration. You must have a space of 
free air to burn the gas after it is mixed in the most careful way. 
The development of burners for gas cooking ranges has perhaps 
brought out that point very clearly. The practice is to have 
small holes and separate them to just such an extent the flame 
will be surrounded by free air. If the perforations are made 
close enough the flames come in contact with each other, and 
then it is apparent the combustion is not as satisfactory nor as 
good. 

It would seem, owing to the necessity of a large amount of 
surface when the heat of the gas is to be transmitted to the air, 
better to transmit the heat of the gas first to water and tlien dis- 
tribute the same as for hot-water radiation, and if it is possible 
to extract so much of actual heat with such a small area of sur- 
face it would be found to be a very economical apparatus so far 
as the first cost is concerned. 
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STEAM-HEATING IN CONNECTION WITH CONDENS- 
ING ENGINES. 


BY REGINALD PELHAM BOLTON. 


Pressures in confined spaces at less than atmospheric density 
are very commonly classified in a general manner as a vacuum, 
a term which, of course, can correctly be applied only to a con- 
dition of absolute removal of the weight of the superincum- 
bent atmosphere. 

This condition is, of course, difficult to attain by commercial 
apparatus and within any extended system of chambers, 
receptacles and piping, but the condition of less complete 
vacua commonly applied to condensing engines does not 
appear to present radical difficulty in this respect. 

In the economic operation of steam engines the condensa- 
tion of the exhaust of low-pressure cylinders is a necessary 
factor, affecting the steam consumption to a substantial 
extent, and reducing the pressure of the exhaust steam- 
vapor to points considerably below the atmosphere, so that 
this exhaust has not been available for use in circulation 
through heating apparatus designed to operate at or above 
atmospheric pressure. 

Steam vapor of pressures below the atmosphere is, how- 
ever, used and operated successfully by what is commonly 
described as the “ vacuum”’ system, an arrangement in which 
a pressure of steam less than that of the atmosphere is main- 
tained in the interior of a sealed system of heating apparatus 
and circulated by ordinary methods. 

The title above referred to is misleading. In point of 
fact such a system should be described as a “variable low- 
pressure’ system, for, operated as it is without mechanical 
apparatus for the extraction of the contained air, the in- 
terior of the heating apparatus must first be filled with steam 
to such pressure above that of the atmosphere as will exclude 
the air contained in the system, through some form of non- 
return valve, after which the contained steam may be allowed 
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to condense to a certain extent, thereby producing a fall in 
pressure within the apparatus to the desired point of opera- 
tion, the supply being then continued so as to maintain this 
lower pressure. In other words, a boiler and heating appara- 
tus, all joints and connections being maintained sufficiently 
air-tight, is made a sealed system in which at some point of 
pressure, below that of the atmosphere, vapor is boiled from 
water, from which the air has been extracted, circulated to 
the radiators or coils, the condensation being returned to the 
boiler water-level by the common methods of gravity. 

With such “variable low-pressure” systems a reduced 
fire will provide in moderate weather a vapor at a relatively 
lower temperature than steam at atmospheric pressure, 
whereby a correspondingly less rate of heat dissipation is 
afforded by the radiating surfaces. 

Such a system is capable of considerable variation of pres- 
sure below the atmosphere, but it does not appear to offer 
relief from difficulties of sluggish removal of condensation 
unless operated by mechanical apparatus. The introduction 
of additional water to the boiler, as well as any inward leak- 
age, involves the introduction of new supplies of air to the 
interior of the system, which can only be removed by again 
raising the initial pressure to some point above the atmosphere. 

The conditions under which steam at pressures below that 
of the atmosphere exists differ in temperature, volume and 
in latent heat, not only as regards the vapor but as regards 
the products of its condensation. 

In.further pursuing the study of this subject, therefore, 
it may be useful to have these conditions stated in the follow- 
ing table: 

TABLE I. 
ELEMENTARY CONDITIONS OF STEAM AT AND BELOW THE PRESSURE OF THE 
ATMOSPHERE. 








in inches of mercury........... 


“Vacuum” below “cinseibabe Poa | nl ail mal ¢ 
inches of mercury.............. a Cee 1.018} 2.04) 3.054) 4.07)10.177| 20.854) 28 


Pressures in lbs. per square inch { Atmospheric! | Ps | | » 
below the atmosphere.......... {| pressure. p05) 1 1.5) 2 | = 10 | 18.75% 
Corresponding absolute mcweed el 49 ¢ acl o | ° 
WP Gh a Sn 58-04 05 0h. 0500 nkens asce 14.7 2 18.17) 13.2 | 12.4 9.4 4.7) 948 
Corresponding absolute seeoeare} 29.92 28.9 | 27.88] 26.86) 25.95/19.743) 9.566) 1.92 
92 J -88) 26. -85)19.743) 9.566) 1. 
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Cubic feet occupied by a lb. ed | 26.36 97.24] 28. 18 29.18| 39.2 971 39 | 77.691 349.7 
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66 STEAM-HEATING IN CONNECTION WITH CONDENSING ENGINES. 


As an example, steam generated (at normal atmospheric 
pressure with a barometric pressure of 29.9 inches, or 14.9 
Ibs.) from water at 212 degrees Fahrenheit, constitutes for 
each pound weight a volume of 27 2-10 cubic feet, or 47,000 
cubic inches. A pound of water at this temperature occupies 
a space of only 29 cubic inches, therefore the steam fills a 
space 1,620 times greater. 

At a reduction of one-half of the barometric pressure (to 
say 15.29 inches of mercury, or 74 pounds per square inch 
above absolute vacuum) the same pound of water occupies 
a relatively less space, or 28.56 cubic inches. But the steam 
vapor into which it is convertible at that pressure will occupy 
an enormously increased space of 50.8 cubic feet, or 86,745 
cubic inches, a little more than 3,000 times the volume of 
the water. 

It must further be borne in mind in order to fully com- 
prehend the conditions of low-tension vapors discharged into 
enclosed spaces, that if water of saturation or condensation 
at a given temperature and pressure be present and be ad- 
mitted to another space where a lesser temperature and pres- 
sure exists, the contained heat in that water renders it super- 
heated for the new conditions and it will proceed to liberate 
this superfluous heat in the vaporization of a part of its vol- 
ume. 

To illustrate this, suppose a one-pound weight of heated 
water at 212 degrees, under atmospheric pressure of 14.7 
pounds, to be admitted into a closed receptacle in which 
the pressure is only 74 pounds, the corresponding tem- 
perature of which is only 180 degrees, there is then a 
surplus of heat to the extent of 57 heat units which will go 
into the formation of steam vapor. To form steam vapor 
at that reduced temperature requires 987.8 heat units for 
each pound, therefore the 57 heat units will form 5$}.5 = .057 
of a pound weight of vaper, and as a pound of such vapor 
will occupy 59.6 cubic feet, the result will be 2.8 cubic feet 
of steam vapor given off by the water. 

The foregoing elementary characteristics make it evident 
that in an entirely closed system water may be evaporated 
to steam vapor by a less amount of heat as the pressure is 
lowered. But the steam vapor so formed is of a less tem- 
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perature and capable therefore of doing less work, and there- 
fore such a method is one in which less work is done by less 
fuel. In other words it exhibits no economic advantage. 
But while this may be the case with a system in which fuel 
is consumed directly for the purpose of raising the tempera- 
ture of a means of heat supply, it is an entirely different eco- 
nomic proposition if the wasted heat of a condensing engine 
could be made the source of heat supply and the “ variable”’ 
feature of air exclusion can be dispensed with by the use of 
its already existing condenser and air-pump. 

The subject, therefore, opens up the wide and interesting 
question of the use of exhaust steam from condensing engines, 
a matter fraught with great importance. 

If it be possible to utilize for heating purposes the waste 
steam of a condensing engine, while still maintaining an eco- 
nomical degree of vacuum and thus retaining the working 
capacity of the cylinder, an economic result would be attained 
during the winter season which would advance the com- 
bined apparatus enormously in the utilization of the heat 
value of its fuel supply. 

When it is remembered that of the heat in the fuel the 
actual heat value of the work done on the pistons of an engine 
is sometimes less than a tenth, the bulk of the remainder 
going off in the waste steam, or in the heat imparted to the 
condensed water, it is realizable how much is already accom- 
plished by the use of exhaust steam from non-condensing 
engines in heating -work, and how much more could be ex- 
pected if the ideal condition could be attained of fully utiliz- 
ing that waste steam for heating purposes after it has been 
used on the pistons down to pressures far below the atmos- 
pheric pressure, or, in other words, after its full economic work 
has been accomplished in a condensing engine. 

In 1896 the Institution of Civil Engineers appointed a 
committee to consider and report upon the definition of a 
standard of thermal efficiency for steam engines. 

Their report, published two years later, took the best re- 
corded work of fire-grates, economizers, boilers, engines and 
condensers, and plotted an idealized combination. The 
following diagram, Fig. 1, is deduced therefrom for the sake 
of simplicity to a primary basis of one million units, and 
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shows that such an ideal combination of the boiler, with its 
chimney draft, grate, economizer and return feed, might be 
expected to deliver to the engine in the form of steam 968,330 
units out of a total of 1,000,000 utilized upon the grate, a little 
under 97 per cent. (the best approach to which in actual practice 
is probably not more than 85 per cent.). 
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Of this 968,330 units in its steam supply, the work of the 
ideal engine utilizes as work on its pistons only 261,612, or say 
26 per cent. of the original unit (in actual practice not more 
than 17 per cent.), part of which is due to the work of con- 
densation, in which the balance of 706,718 units is entirely 
absorbed, except what is returnable as feed water, say 53,743 
units, leaving a gross loss of 652,975 or 65 per cent. of the 
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original basis, which has departed with the cooling medium 
or condensing water. 

The utilization therefore of this large proportion, in any 
economic manner, is a subject affecting the total ideal economy 
to a much greater extent than any improvement applied ~ 
to any other part of the combined apparatus. 

That this proportion is not excessive may be further judged 
from the comparison of its final result with those of any well- 
authenticated tests of combined steam-raising and utilizing 
apparatus, of which one may be here recited, having been 
carried out by myself upon the combined plant of the Ridge- 
wood North Engine house, at the East New York Pumping 
Station, Brooklyn, for the Department of Water Supply. 

The result, with internally fired boilers and triple-expansion 
high-duty condensing engines, showed in the actual heat 
value of the work in the water delivered into the reservoir 
from 8.8 per cent. to 11 per cent. of the heat value of the 
fuel. 

It may here be observed that certain economic appliances 
of the nature of primary heaters on the exhaust of the L. P. 
Cylinders, and the use of open heaters receiving the feed- 
water and mingling it with drops and perhaps with some 
live steam borrowed from the intermediate receiver, also 
careful arrangements of steam jacketing and intermediate 
reheating may favorably affect such results and with them 
approach more closely to the ideal of the report. These 
elements, however, were largely present in the test referred 
to above. 

The mention of the use of primary heaters upon the ex- 
haust outlet of condensing engines fitly introduces here a 
reference to the system of hot-water heating by the use of 
heaters placed in such relation to the cylinders, which is known 
as the‘ Evans exhaust hot-water heating system with forced 
circulation.’’ In this interesting apparatus, which has been 
applied to condensing engines, water, used as the heating 
medium, is forcibly circulated in the heating system, passing 
through a primary heater around or through which the ex- 
haust of the low-pressure cylinder passes on its way to the 
condenser. The heat work extracted from the waste steam 
is limited of course to the temperatures of the vapor emitted 
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by the cylinders dependent upon the extent of “vacuum’ 
earried. 

In the course of a series of tests made by the writer for the 
Department of Water Supply, Borough of Brooklyn, last 
summer, at which tests Professor Rolla C. Carpenter pre- 
sided as referee, a record of the actual work obtained from 
such a primary heater was secured and afforded interesting 
results, on account of the accuracy with which measurements 
of the surrounding conductors were enabled to be made. 

The pumping engine was a Worthington Duplex horizontal 
triple-expansion jacketed type, having reheaters fed through 
the jackets, and being furnished witha primary heater hav- 
ing 60 square feet of brass tube surface in the L. P. exhaust 
close up under the point of emission. 

Following are the temperatures obtained on various quan- 
tities of water through the heater, with the corresponding 
amount of steam, the gauge readings on the condenser, which 
was some 20 feet away from the heater, and the correspond- 
ing degree of vacuum extending into the cylinder as ascer- 


tained by diagrams. 
TABLE II. 


WorK OF A PRIMARY HEATER ON EXHAUST OF A WORTHINGTON CONDENSING 
ENGINE, MILBURN, L. I. 1904. 




















Vacuum | Lowest Steam Water 
Gauge | Tempera-| Passed per| Passed | Incoming > — oe 
TIME. on ture in Minute | through | Tempera- Tom : Tempera- 
Con- | Cylinder}; through Heater ture. os ron 
denser, | by Card.| Heater. | per Min. . . 
A.M. | In. Mer’y.| Deg. Fah.|Lbs.Weight.| Lbs. | Deg. Fah.| Deg. Fah.| Deg. Fah. 
{| 9.35) 27.8 BED Beescsacences 17.44 66.5 118.5 52 
9.40} 27.8 149.65 53.12 12.4 66.5 119.5 53 
9.45) 27.8 149.65 50.12 11.59 66.5 120.5 - 54 
9.50} 27.8 149.65 11.59 67 121 54 
Test at J 9.55; 27.8 149.65 53.62 11.59 67 121 mM 
Varying || 10. 27.9 149.65 51.62 11.59 67 121.2 54.2 
Quantities | | 10.05) 27.9 149.65 61.28 7.8 67 122 55 
10.10} 27.9 149.65 54.12 4.98 68 126 58 
10.15} 27.9 149.65 61.28 2.49 67.5 124 56.5 
L| 10.20) 27.9 149.65 59.28 .162 68 126 58 
Aver. during |—— 
ee er 27.9 149.65 54 3.44 67 115 48 
. 


























It will be observed that the temperature imparted to the 
water is higher than the corresponding temperature of the 
degree of vacuum carried in the condenser, and that this is 
due to the higher temperature of the point of release, which 
is shown in the accompanying diagram taken from one of 
the L. P. cylinders. 
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We have in the foregoing a definite measure of the pos- 
sibilities of heat extraction from the exhaust of a condensing 
engine under a given degree of vacuum. The interesting 
question will remain to what extent an increase in the pres- 
sure and temperature may justify a loss in the degree of 
vacuum, or in other words, how far will an increase of back 
pressure, with its effect in reduction of the engine’s work, 
be recouped in the work of the heating system. 

This will of course vary under the many varying conditions 
of work and cost of fuel and will form a further interesting 
study for the heating engineer. 


281.5" 


Half Stroke 














} Condenser 
SCALE 12. 
FIG. 2.—DIAGRAM OF Low-PRESSURE CYLINDER, WORTHINGTON DUPLEX 'TRIPLE- 


EXPANSION ENGINE, MILBURN, L. I. 1904. 


The Evans system has shown at the Miami Light, Heat 
and Power Plant the following recent and interesting results 
kindly afforded to me: 





1904. OcToBER 12 To 22 INCLUSIVE. 1904. OcToBER 23 TO NovEMBER 22 INCLUSIVE. 





Average ro “9g of weather... 51.7 deg. F- ——_ os ee of ee. . 45.33 deg. F. 
Ave egree of vacuum at | ve egree of vacuum a 
condensers........... igre At 21.74 in. Xa ere Spiess 20.82 in. 
Average temperature imparted | vel temperature im 
to the heating water........... ¢ 188.5 deg. to the heating water........... f 148.8 deg. 
Average increase of temperature Average i of t ture 
imparted to the water in pase 8.8 deg. imparted to the water in pass-> 4.24 deg. 
ing through the heater........ ing through the heater........ 











The effect upon the engine of raising the temperature of 
the heating medium is illustrated by the record of some 
days when conditions of matter varied largely. 








OuTsIDE AVERAGE TEMPERATURE OF 
Date. TEMPERATURE. WATER. Vacuum. 
November 4............ 51.1 degrees 131.5 degrees. 22.52 inches, 
294 8.. ews — 141,1 7 19.19 * 
= | Pree 32.2 ‘* 144.3 a 18.75 “* 
= Mo .ccccccccses 31.6 ‘ 153.2 sag aa. * 
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The moderate temperature of the circulating water is 
represented as sufficing for heating purposes in moderate 
weather, and, when intenser conditions of cold weather are 
met, an auxiliary heater is brought into play supplied with 
live steam for the purpose. The temperature of the returning 
circulating water is somewhat raised and the primary heater 
then does less of the work of condensation, so that an addi- 
tion must then be made to the work of the main condenser, 
or the degree of vacuum in the cylinder will be somewhat 
raised. , 

The results already attained show that this heated-water 
system possesses undoubted merit where a water apparatus 
is applicable, and seems to indicate a possible use of the 
waste steam direct for the same purpose, to which subject 
this paper directs attention in the hope that its develop- 
ment will attract the energy and ingenuity of the members 
of our Society and of heating engineers in general. 

Such a combination is in point of fact already to be found 
to a certain degree in applications of the Webster system 
of circulation of exhaust steam, where the exhaust steam 
passed into a closed-heating system of apparatus, frequently 
circulated at a less pressure than that of the atmosphere, 
its products of condensation and contained air being re- 
moved by a vapor or “vacuum” pump. 

In such case the heating system is acting as a partial con- 
denser in similar manner to the primary heater, and the 
pump as the relief or vent to the superincumbent atmospheric 
pressure, in same relation as the main air-pump of a con- 
densing system. The main condenser is absent, but in 
several instances the work of the pump has been desirably 
supplemented by an auxiliary surface-condenser or by a 
jet of water acting on the vapors given off by the condensed 
water, thereby assisting the operation of the pump, these 
approximating to the conditions of a condensing system. 

These are the elements which would appear capable. of 
development into a method of heating by steam vapors 
at low temperatures, and at those pressures below the atmos- 
phere corresponding to usual economic practice with con- 
densing engines. 

The available temperatures are so low as to be sufficient 
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only for moderate weather, and the maifi question will be 
whether the necessary additional heat can be added to in- 
crease the temperature of the vapor when required. If it 
can, this source of heat supply, now generally wasted, may 
be largely utilized for heating purposes. Under what con- 
ditions this may be arranged, either as a “ by-pass”’ or “shunt”’ 
from the line of travel of the steam vapor from the cylinder 
to the condenser, or by a direct passage of the whole volume 
through the heating system towards the condenser, will be 
a matter of study and experiment. 

The second suggested method would appear to offer the 
best opportunity of solution. 

The question of additional heat to be added to such a 
system would offer more difficulty than in the case of heated 
water; since the introduction into the system of a volume of 
live steam would tend to set up a back pressure more directly 
than by the raising of the temperature of circulating water. 

But the supply might be so arranged as to be directed into 
the radiating surface where its work would be done directly 
upon the covering surface and its heat, or the steam vapor 
may itself be superheated by the application of steam taken 
from the intermediate receiver or by live steam or heat of 
waste gases. 

Such superheated steam need not then imply an increase in 
back pressure, if the superheated supply be actively drawn 
through the heating system by the action of the main con- 
denser as proposed above. 

DISCUSSION. 


Mr. Kent: It seems to me the scheme described in the paper 
has a chance of being introduced in practice, and I hope Mr. 
Bolton will go ahead and introduce it. It seems to offer great 
possibilities. We could have a condensing engine discharging 
steam into large low-pressure mains, with radiators of larger 
surface than are now used for high-pressure steam—say, the 
same amount of surface that we use for hot water—and carry 
the exhaust steam back into the tanks connected with a con- 
denser in which is maintained a vacuum of such pressure as 
necessary, then as the water got cooler we could raise the pres- 
sure in the tank and the steam passing through would be of 
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higher temperature. If you wanted less steam for heating, we 
could shut off some of the exhaust steam, and instead of having 
it go through the pipes it could be shut off altogether. On the 
contrary, when the water was cool, we could open the vacuum 
and send through high-pressure steam. It seems a flexible sys- 
tem and one offering chances of economy. I think it is entirely 
practicable for factory heating, with an engineer in charge to 
look after the apparatus. It seems a very much cheaper plant 
in the first cost than the water-circulating system, and one 
which will offer as high economy as can be gotten out of any 
system whatever. 

Mr. Carpenter: I think the system suggested by Mr. Bolton 
is practicable. One time I had opportunity to install a system 
on practically the same lines as suggested here. Instead of using 
a direct radiator I used an indirect, over which the air was forced 
for factory heating with a large fan. That system, unfortu- 
nately, at the present time has not been tested in this combination. 
It is also arranged that when the factory disposes of a certain 
non-condensing small engine now supplying exhaust steam for 
heating that the steam will be sucked through the indirect radi- 
ator by an air pump and the amount of vacuum produced will 
be regulated according to the degree of heat. We haven’t had 
opportunity to test that yet, from the fact that the small engine 
is in use and supplies all the exhaust steam at present needed. I 
believe the system is practicable, for the reason that it does not 
seem unduly complicated, and I think it promises good results. 

Mr. Barron: I want to ask Mr. Bolton, before closing this dis- 
cussion, to explain this ideal system in a few words, if he will. 

Mr. Bolton: The diagram is represented in the centre, not in 
dimensions but as a plotted area, representing the amount of 
heat units imparted to the boiler and produced by the fuel. Of 
that, of course, a certain amount has to go out in chimney work. 
In the case of the plant as shown here, the economizer diverts a 
portion and turns it back as hot feed water into the boiler—the 
lower curve on the righ-hand side. The wasted portion passes 
up the chimney and is shown as chimney work in the diagram. 
The chimney being a portion of the boiler, chimney work should 
not be regarded as lost, if the chimney is of an economical size 
and is not too large. 

There is emitted from the boiler in the centre of the diagram 
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so much of the original area in the form of steam, and that as 
stated in the paper, under the best conditions, could not be more 
than 85 per cent., naturally, but theoretically and in a highly 
developed diagram it is brought out as high as 96 per cent. 

You see next the work given out by the engine, the work done 
in the cylinder—not on the fly-wheel, but the piston, which is 
represented as passing upward on the right-hand side. 

The remaining heat passes to the atmosphere or to a condenser. 
In the case of the condenser, there is hy means of that steam a 
certain addition to the useful work, because the condenser is re- 
moving the back pressure on the piston, that is to be taken into 
account in the useful work done on the latter. 

Finally you get the heat coming back in your feed. The whole 
system might be modified by introducing an open feed heater, 
in line between the feed pump and the economizer, and bring into 
it any drips, etc., from an actual system, thus increasing the 
amount returned to the boiler. 

As regards the suggested method of applying this apparatus, 
the practical question is how far can you remove your condenser 
from your cylinder and still carry necessary degree of vacuum. 
There was in the case referred to in the paper about twenty to 
twenty-five feet between the cylinder and condenser of 10-inch 
pipe. 

Such a heating system would of course have to operate at a 
very low temperature, and it must be, naturally, combined with 
some method of withdrawing the condensation in the heating 
system down to the condenser, and thence disposing of it by the 
usual air pump. 

It is not my intention to throw cold water on the hot water 
circulating system, which is actually showing working results, 
but to suggest a study of the question whether it is not possible 
to do heating direct by the steam on its way to the condenser. 
That is a point, of course, which will have to be tested practically. 

Mr. Almirall: I think we all know the importance of having 
the exhaust pipe between the condenser and the engine absolutely 
tight, and that the condenser also should be placed as close as 
possible to the engine. Anyone who is thoroughly familiar with 
the practical work of steam-fitting knows how difficult it is to 
have and the necessity of having the exhaust pipe on a condens- 
ing engine outfit absolutely tight in order to get a first-class 
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vaccum, and that the slightest air hole in such an exhaust pipe 
materially reduces the vacuum; and that very frequently these 
air holes will exist and interfere with the vacuum when they 
will not be indicated by the test of either steam or water. 

In the system proposed it is intended to have an extended heat- 
ing system act as a condenser, so that the steam would pass 
through all of the various coils, radiators and pipes before going 
to the condenser. In such a system, depending of course upon 
its size, there would be perhaps several thousand feet of pipe and 
doubtless hundreds of joints including valves, with stuffing boxes, 
glands, etc. It seems to the writer that it is almost self-evident 
that it would be an impossible matter to get an appreciable 
vacuum under those conditions and with the infinite possibilities 
of air leakage that would exist. It certainly would require an 
enormously large air pump to handle the amount of air and 
condensation, were it even feasible to obtain the vacuum. 

With the system spoken of by Professor Carpenter it is pos- 
sibly a different matter. In that system there was a fan with 
indirect coils, and the assumption is that this apparatus was 
placed fairly close to the operating engine, so that the exhaust 
pipe connection between the engine and these fan coils was short, 
and naturally the connection between the fan coils and condenser 
would be similarly short. It might have been and was, no doubt, 
possible to get a fair vacuum under those conditions with that 
particular system. 

Being thoroughly conversant with the practical end of the pipe 
fitting business, it does not seem to me that the system suggested 
would be a practical one to put in operation. 

Mr. Kent: I want to make a remark as to one thing said by 
Mr. Bolton, as regards the central condensing system. He says 
the proper place to put the condenser is right at the cylinder. I 
know of a big power plant not far from here where there is a 
central condensing system. Suppose an accident should happen 
to the steam pipe near the condensers, then the whole plant would 
be demoralized by throwing out all the condensers at once, while 
if the condensing plant was divided the explosion of a steam pipe 
would only throw out one portion of the condensing plant. I 
think there are reasons against the centralizing of the condensing 
system. 
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Mr. Barron: What percentage of the exhatist would reach the 
condenser ? 

Mr. Bolton: You will see my suggestions are tabled, and that 
there-is a possibility of utilizing the whole of the steam. Tha: 
would be a necessary question to be considered, the amount of 
heat obtained and the size of the engine. I imagine success could 
be attained, as the heating system is a portion of the condenser 
itself, and to that extent overcomes the difficulty that has been 
urged against it. I know it is difficult to keep a vacuum tight 
in a large system, and your condenser is added to overcome that 
difficulty. I do not know whether it is so, but I have often heard 
engineers say it is more difficult to keep 15 pounds from coming 
into a pipe system than it is to keep 100 pounds from going out. 
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EXPERIENCE WITH RADIATORS IN THE TOP STORY 
OF A BUILDING 


BY A. B. RECK, COPENHAGEN, DENMARK. 


In discussing methods of computing radiator surfaces in 
proportion to heat-absorbing surfaces (windows, walls, ceil- 
ings, etc.), with American engineers, I have in some instances 
found that they employ rules which I think will give them 
too small radiators in the top story of a building, the rules not 
taking sufficiently into account the loss through the ceilings 
for that story. For this reason I have thought that it might 
be useful to mention that I have had to do with a case this 
winter where it has been necessary to increase the radiators 
in all the rooms of the top story in a building, although some 
allowance for the ceilings really had been made in the size of 
the radiators, only the allowance not being large enough, be- 
cause I had understood there was an attic (unheated) over the 
story, whereas in reality there was not, the protection against 
loss of heat being only a ceiling of lath and plastering, an air 
space and the ordinary sheathing, roofing-felt and gravel on 
the roof timbers. The building of which I speak is one ot 
the buildings in Chicago in which has been installed the 
‘Reck Hot-Water-Circulator System described in the paper I 
read before this Society in its meeting, January, 1904. In 
the building in question the radiators are distributed in 80 
rooms on three floors and have a heat-emitting capacity of 
about 5,000 nominal square feet of hot-water heating surface. 
(Those of you who recollect my paper from last year will per- 
haps remember that what I call a “nominal” square foot is a 
square foot emitting 160 B. T. units an hour.) 

The calculation of the radiators was based on 80 degrees 
difference between outside and inside, and for rooms with equal 
areas of walls and windows the radiators in the top story were 
given one nominal square foot more than the radiators on the 
floor below for every 18 square feet of exposed ceiling. This 
augmentation of the radiators on the top floor was based on 
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a rule employed by me for rooms with unheated attics over 
and the rule gave radiators on the top floor in many instances 
33 per cent. larger than the radiator on the second floor in 
rooms with same areas of windows and walls. 

Notwithstanding this the radiators on the top floor very 
soon proved to be insufficient to produce the same tempera- 
ture as the radiators on the second floor, and the right tem- 
perature on the top floor was only attained by giving the 
radiators here one “nominal’’ square foot of area more than 
the radiators on the second floor for every 9 square foot of 
exposed ceiling, this being my rule for ceilings with no attics 
over, such as described in the beginning of my paper. 

In the building referred to the radiators in many rooms on 
the top floor have now 66 per cent. more heating capacity than 
the radiators in rooms on the second floor with equal window 
and wall areas, without being larger than necessary. Seeing 
this I have thought it useful to direct your attention to this 
point that no rule for proportioning radiating surfaces will 
hold good for top floors unless some increase is given to the 
radiators here taking the areas and the construction of the 
exposed ceilings in consideration. 

The cubical contents of the 80 rooms in the building are 
about 190,000 cu. ft., besides about 70,000 cu. ft. in heated cor- 
ridors and staircases. 

On each of the three floors are about 1,200 sq. ft. of glass 
surface in windows and doors and about 3,800 sq. ft. of net wall 
surface. In the 25 heated rooms on third floor are about 6,300 
sq. ft. of ceiling. 

It was assumed that the heat absorbed in the building would 
be with 80 degrees Fahr. difference between outside and inside: 

( 1,200 sq. ft. glass x 80 = 96,000 B.T.U. 
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or about 4,600 nominal square feet. 
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As stated above, it was found necessary to add radiation in 
the third story, giving off 55,440 B. T. U. more, thus providing 
radiation in that story for giving off 278,960 + 45,440= 334,400 
B. T. U., or about 50 per cent. more than in the two lower stories 
with about the same wall and glass surfaces and the same cubical 
contents. 

The hot water starts from the circulator with a temperature a 
little over boiling point. It goes first to the radiators on the third 
floor, then to the radiators on the second, and last to the radia- 
tors on the first floor (one pipe system). The temperature of 
each radiator depends of course on the manner the radiation car- 
ried by each riser is distributed on the different floors. These 
temperatures are calculated for each radiator, and the actual 
radiation installed was computed from Curve I on Plate 2 in 
the paper. I read about my system here in the Society in Jan- 
uary, 1904. 

DISCUSSION. 


Mr. Chew: We haven’t heard very much from Mr. Edgar and 
his system for some time. I do know he has had experience in 
heating buildings of different heights. Whether there is more 
trouble in proportioning radiators on the top floors than on the 
mi‘Idle floors is the question. I feel Mr. Edgar can give us some- 
thing on that that will be of interest. 

Mr. Edgar: I think from the statement made the gentleman 
(Mr. Reck) has made a mistake in figuring the job in the first 
place. He confesses that here. I think that the correction he 
made afterward was necessary. 

Secretary Mackay: As Mr. Edgar says, the trouble in this 
case has been the same as in lots of other cases where possibly 
estimators get the floor plan of a building from the architect. He 
admits he knew nothing about the ceiling. He supposed or as- 
sumed there were air spaces there, when in actual fact there were 
no air spaces but the exposed roof of the building. He made a 
mistake in not making proper allowance for his exposed ceiling 
or roof. He put it in at the ratio that he employed for unfinished 
attics above, and found he didn’t have an unfinished attic above. 
That simply changes the ratio from an unfinished attic to an 
exposed wall ratio, and necessitated increasing it just as much 
as that excess of wall space or ceiling space called for. He 
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acknowledged his mistake, shows the correction, so it doesn’t 
leave much room for argument on the subject. It is the leaving 
out of these necessary points and not getting sufficient informa- 
tion about them that help to make failures in heating apparatus 
that are carefully calculated to suit requirements that don’t exist. 

Mr. Quay: I do not know whether the subject I am going to 
speak of is in line with the paper or not, but it has something to 
do with the top story of a building—our experience in one large 
building in New York. We figured originally on an investment 
of probably five or six thousand dollars for heating the dome, 
and the amount prevented the owners from accepting the propo- 
sition. They thought they would let it go. They were not going 
to use the top story for some time. They would take chances on 
it without additional radiation for this dome. It has been found 
since then that the radiation was not necessary. We figured 
radiation enough for the other parts of the building, but not the 
dome. Due to the sunlight and the design of the dome, I pre- 
sume, the room had been very comfortably heated in the coldest 
weather without any radiation in this dome. 

The question is, what is the experience of some of the mem- 
bers of the Society relative to heating domes and skylights over 
buildings, providing they are designed in such a way as to give 
the best light at all times of the day? I think this should be 
brought up before the Society. 

Mr. Barron: Captain Reck’s paper is interesting, and would 
be more interesting if he were here to answer questions. My 
experience with domes or skylights on top stories is, that the 
heating engineer usually puts in a great deal of heating surface 
there that is generally not used afterward, usually shut-off, never 
any use for it because of the tendency of the heat from the lower 
floors to reach the top floor. I think it is not due so much from 
the sunlight or the heat from the outside as to the fact of the 
warm air going up from below. That is often figured on, and I, 
in the past, have figured on heat coming from the lower floors. 
Radiators would have to be added on the top floor because the 
heating surface was not sufficient, due to the cold roof and ex- - 
posed wall—sometimes excess height, as Mr. Mackay explained. 

Secretary Mackay: There is a difference between an exposed 
wall which always exists and a skylight or glass exposure which 
is helped by the sun. Green-house men only fire their boilers at 
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night and bank them in the daytime, saying they have more 
heat than they require from the sun through the glass construc- 
tion, while at night when they have no sun they require all the 
heat they can get, having the coldest imaginable constructed 
building. They reverse the general order of things and fire their 
boilers in the nighttime and close them down and bank them in 
the daytime. The condition Mr. Reck ran ‘up against is a per- 
manent condition, an exposed wall not helped by the sun. 

Mr. Barron: That is an excellent point Mr. Mackay raises, 
and I think he is decidedly right, and yet it occurs to my mind 
the sun does affect the roof of a building, assuming it is a plain 
roof and without any air space. The sun beating on that cer- 
tainly changes the temperature. It is really an interesting point 
Captain Reck has brought up. 

Secretary Mackay: In ordinary building construction there 
is an air space, and air is the best non-conductor we can get. As 
a result, we don’t get the advantage of the sun through that air 
space which we would get through glass exposure which really 
radiates it. 

I was connected with the water supply of a railroad for a 
number of years, in a very cold section of the country where the 
temperature drops to 30 or 40 degrees below zero. We put a 
water pipe in a box and then encased it in three feet of sawdust 
on all sides, making the box under the tank about six feet square. 
That water pipe froze solid and they could not thaw it. They 
took it all down. They then put up a water pipe with a box 
around it, and another one a foot square and battened, no saw- 
dust there, and run the lower end into the ground and the upper 
end into the bottom of the tank. With the temperature 4o de- 
grees below zero the pipe never froze. I merely bring this up 
as an illustration of the non-conducting qualities of air as against 
wood. 

I think this is applicable to the air space between the roof and 
the top floor of any building. You have that air there, or non- 
conductor. 

Mr. Barron: Of course, roof cooling varies in different cases. 
You know that from experience. This point brought up by Mr. 
Quay is interesting, because in church heating you know we 
never have put coils or radiators up around the dome. High 
churches are always heated fairly satisfactorily, and always have 
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been so far as I know. The modern practice throughout this 
country is where there is a large skylight or dome, the heating 
engineer designing the plant in every case insists that a coil shall 
be put around the base of that dome. 

Mr. Kent: In regard to what Mr. Barron says, we have an 
example of that in the room where we used to meet. Until they 
put a coil under the skylight or dome the members complained 
of a cool blast on the top of their heads. It was necessary to 
put the coil there. 

Mr. Barron: I am glad Mr. Kent brought that illustration 
up, for it covers the ground from our own experience. 

Secretary Mackay : I had some experience with a church build- 
ing in Boston, I believe the second largest church in the State 
of Massachusetts. They had a steam-heating apparatus for a 
number of years which was not satisfactory, and in addition to 
the immense amount of coal they had to consume there was 
trouble from the dome, one hundred and eleven feet high and 
fifty feet in diameter, with windows and glass on top. There 
was an immense exposure in front of the altar of the church. 
They got a continuous downward current of cold air, more ob- 
jectionable on the altar than at any other point in the church 
because they had less opportunity for placing radiation there. 

I was called in to design a heating apparatus to overcome the 
defects of the former apparatus, to reduce the consumption of 
fuel, etc. While working at it, one of our members, who is 
present, said to me: “ Mackay, you will never heat that church 
in the world unless you put in electric fans to draw the air down.” 
Another member of our Society said: “ You will never heat the 
church unless you put a coil around the dome.’ I thought the 
electric fan proposition was a good one, because we had a ceiling 
there of 70 feet with a dome 50 feet in diameter and 111 feet 
from the floor of the church, and we had that large space to fill 
before we could heat the church. In arranging the radiation, 
I took into consideration the troubles they had experienced. I 
put what I call a solid apron of heat between the altar and this 
dome, 70 feet from the under side of the dome and 111 feet 
from the top of the dome. They have never experienced any 
trouble from the draft wich they had formerly experienced in 
this church, which had b en used for eighteen years previously. 

I think, while it was a necessity in our 12 West Thirty-first 
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Street rooms to place radiation there to overcome the defect that 
existed in the heating apparatus, that a different arrangement of 
the original radiation, if it were possible, would have overcome 
that defect, which was remedied as Mr. Kent says. It, perhaps, 
was the fault of the original design which made this a necessity, 
and does not prove, in all cases, that it is an actual necessity to 
place a coil around the skylight. 

One of the principal reasons why I did not put a coil around 
this dome was that I would have been carrying a water pressure 
on my boilers of 150 feet in height, or something over 60 
pounds steady pressure on the boilers. As it is, 1 am carrying 
about 30 feet head of water instead of 150 feet. That was one 
of my objections to putting it up there. I did not want to have 
a steady pressure on the apparatus to accomplish the result of 
heating that glass space and preventing or turning away of that 
draft that formerly existed. That was not only in ordinary 
weather, but it was in weather the coldest I understand they 
have had—the first winter after the apparatus was in—the tem- 
perature being 13 degrees below zero. 

I will mention that Mr. Kenrick, who resides in close proximity 
to the building and knows something of the conditions that for- 
merly existed, the remedy applied and the after-results, is here. 

Mr. Kent: Were the radiators on the fioor? 

Secretary Mackay: Direct radiators on the floor, in front of 
the book boards—lower than the book boards. A peculiar thing 
about the building is, while we look on radiators as unsightly 
construction, you can stand at the altar and with 8,000 feet of 
radiation in the church you cannot see a single radiator. They 
stand below this book board and behind columns, etc., finished 
in the same color and you cannot see them. 

Mr. Quay: This is very interesting. It seems to follow that 
the necessity for radiation around the skylight depends almost 
entirely on the design of the skylight. I have heard from a man 
who works in a lithographic establishment on the top floor, where 
the skylights were designed, as he says, to get the very best light 
at all times of the day, and he says without any radiation in the 


room whatsoever, and with the outside temperature at zero, the © 


men work in there in their shirt sleeves, and on very important 
_work that requires very good condition of the hands, warm con- 
dition, without the least trouble whatsoever. He says at one 
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time he noticed the temperature was 85 in the room while it was 
zero outside. This is only hearsay. It is a question in what 
cases it is necessary and in what cases it is not necessary. 

Mr. Barron: This is really an interesting discussion to me. 
The point Mr. Quay brought up is important. The lithographic 
establishment I imagine he refers to employed a great many 
hands, and, being Germans, they are pretty stout men and give 
out a good many heat units. That possibly helped the sun from 
the outside. All these things have to be considered. It depends 
on the individuals in the room and the conditions of each par- 
ticular case. I have found, as Mr. Quay did, where coils had 
been provided for the top story, but it was not necessary to use 
them even in the coldest weather. You see there are really two 
sides. It depends on each particular case. 

Mr. Brennan: I think it depends a good deal on the condition 
of the walls. Mr. Kent said they had to put coils in the room 
where we formerly met. I think there possibly might not have 
been radiation enough in the room in the first place. If the radia- 
tion had been distributed—for instance, we will take this room, 
and say there is a large skylight here (indicating) and radiators 
placed at that end and this end, and you would feel a cold draft 
coming down from this skylight, if you would put coils or radia- 
tors near the skylight that would counteract the draft. If they 
put radiators at the other end they would do the same thing, 
because the heat would have a tendency to rise to the ceiling 
and passing over the dome would come down and strike the 
centre of the room, being heated, whereas, before it was not 
heated. 

I put in a heating apparatus in the central part of Wisconsin, 
designed by a Chicago architect, a shoe factory, fourth floor, 
and, according to the plans, we were to leave openings along 
where the skylights were, possibly fifteen or twenty skylights in 
the room and the room possibly four hundred feet long. The 
outside was surrounded by coils going around the outside walls. 
Those openings were left in case there was a downward draft 
from the skylights when we were to put in the coils. The tem- 
perature went twenty-eight degrees below zero, and we had 
about a pound of steam pressure on the coils. The windows 
had about twice as much glass surface as in this room in pro- 
portion to the wall, and we had possibly 80 degrees of heat in 
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that room—one large room. I think the circulation of the air 
was up to these skylights and then down to the centre. If we 
had not had sufficient radiation there, there would have been 
a cold draft from these skylights down on our heads. 

Mr. Barron: Mr. Brennan’s illustration is, I think, a very 
good one. Saying this is a closed room, with a glass dome in 
the centre, the air would immediately ascend to that dome in- 
stead of falling to the centre. As Mr. Brennan states, I think 
you will find it falling along the outside walls to the existing 
registers provided at the bottom of the walls. I think that is the 
course of warm air. The air ascending, would naturally go to 
the top. 

Mr. Brennan: What I meant was that the warm air would 
counteract that cold draft. As Mr. Kent said, the cold draft 
came down and struck their heads. If there had been sufficient 
radiation, I hardly think it would have been necessary to put 
radiation in the dome. If there had been sufficient radiation in 
the room to heat it to 70 degrees, he would not have had that 
cold air striking him on the head. 

Mr. Kent: The conditions are different there. They used to 
have it very hot in most places in the room, but those in the 
middle were complaining of cold air coming down on their heads. 
It seemed to come down as chilled air. I would like the Secre- 
tary to prepare a question on this subject and ask how would 
you heat an audience chamber, 50 x 30, with a high ceiling, say 
20 feet, lighted by a glass dome overhead, the system being di- 
rect or indirect; that is, explain what rules you would lay down 
for heating rooms lighted by overhead domes. 

Secretary Mackay: To get the matter straight on the records, I 
want to explain to Mr. Brennan that the place in question had no 
radiation in the room at all. It is heated by the hot-blast system 
in the basement. 1 am speaking of the necessity for an after-appli- 
cation of coil around the dome. That was placed after this heat- 
ing system was put in. The hot-blast system is used in churches, 
halls, theatres, etc., and it was simply a question of a peculiar 
condition existing there. The original construction did not seem 
to accomplish the purpose desired, and, ‘as a result, there were 
complaints. To overcome them, they made an application of 
direct radiation. The present system, as it exists, has all the 
radiating surface for that particular room in the basement or 
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sub-cellar. They afterwards made an additional application of 
direct radiation at the skylights to overcome the draft that ex- 
isted. Whether it was due to faulty construction of the hot- 
blast system is a question. 

Mr. Brennan: I think my contention remains the same. I 
think it was faulty construction of the hot-blast system and it 
was not necessary to place coils in the skylight. Now then, if 
this were the room, and they brought in hot air from this end and 
that end, and didn’t bring any from this end, I think all that 
would have been necessary, instead of putting coils in the dome, 
would have been to put them in some places other than the dome 
and get the same results. 

Mr. Monroe: Possibly in a room of this character, heated by 
the hot-blast system, the trouble could be overcome by ventilat- 
ing through an opening placed in the skylight. You would not 
force out the hot air but the cold air, that is air that had become 
cool by coming in contact with the glass surface in the skylight. 
I think that always one must study the heating of rooms of that 
character, the proper placing of the radiators, the air inlets, and, 
also, the ventilating outlets, so that you will remove the cool air 
sometimes as well as vitiated air. It is, of course, necessary to 
remove the vitiated air. 

But to return to the subject of the paper. I have been waiting 
to hear some one refer to the first three lines of the last para- 
graph: “ In the building referred to the radiators in many rooms 
on the top floor have now 66 per cent. more heating capacity than 
the radiators in rooms on the second floor with equal window 
and wall areas, without being larger than necessary.” That 
seems abnormal. I have been in a good many top stories of 
houses, but never have seen any such proportion as that used. I 
think, possibly, there must have been some defect in circulation— 
the radiators possibly. not being filled with steam were not doing 
proper work. Of course we have to make sufficient allowance 
for the top floors of buildings over that of the floor immediately 
below it, to overcome exposures if there are any. Outside of 
that, as a rule, the top floor of a building can be taken care of, 
in my experience, with the same radiation that is on the floor 
immediately below it. Asa rule, the top floor is one or two feet 
lower in height of ceiling than the lower floor, but that doesn’t 
always follow. 
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I would like to hear some expression of opinion as to the pro- 
portion set forth here—66 per cent. I think, as I have said, if 
the circulation had been all right through the radiators placed 
in these rooms that the percentage could be very much reduced. 

I want to suggest while on the floor that at our next meeting 
a question something on this line be propounded and ventilated 
among us: The height of a building that can be successfully 
heated with hot-water heating apparatus, owing to the water 
pressure accumulated by excessive height, where you use a cast- 
iron boiler—there is a limit, of course, to the height of the build- 
ing—but what is that limit? I would like to ‘be certain in my 
own mind. I have in mind now a building to be erected in Balti- 
more, for the Baltimore News, a seven-story office building, to 
be heated by a hot-water plant, basement circulation, the building 
being 135 feet high. Of course there will be an excessive pres- 
sure on the boilers. How high can we heat a building success- 
fully with hot water? 

Mr. Brennan: I think that the apparatus in Mr. Reck’s build- 
ing must have been faulty in construction. If he had about 66 
per cent. more radiation on the upper floor than on the other 
floors there certainly must have been poor circulation of water. 
My experience has been with hot water that it goes up very 
easily, and with most of the apparatus I have constructed I found 
it hardest to circulate water on the first floor and not on the 
upper floors, and that the radiator would heat about Io per cent. 
better on the upper floors than on the lower floor, and proportion- 
ately the second floor would heat better than the first, the third 
floor better than the second, and the fourth better than the third. 
So it is my opinion that the water was not as hot or there was 
not as good circulation on the upper floor as on the lower floors, 
and that the trouble was to a certain extent due to that cause 
and not so much to the cooling surface of the roof. 

Secretary Mackay: I want to call attention to one point in 
Captain Reck’s paper. It seems as though it would have been 
better had he been here to describe the construction of the build- 
ing, the sizes of the radiators and things of that sort, because 
he tells us in his paper one square foot of radiating surface to 
nine square feet of ceiling area is his practice in his country to 
counteract the effect of these roofs with the air spaces between 
them, and that made 33 per cent. additional radiation in the 





XUM 








EXPERIENCE WITH RADIATORS IN THE TOP STORY OF A BUILDING. 89 


rooms. The rooms must have been small rooms. It seems to 
me that if one square foot of radiation to nine square feet of 
ceiling area makes 33 per cent. more radiation than the radia- 
tion in the rooms below, then one square foot to 4%, increasing 
it to 66 per cent., doesn’t seem to increase the radiation very 
much, although it seems an enormous amount of additional 
radiation. It seems to be a peculiarly constructed building, and 
not the same as our average apartment houses, where we put 
thirty-six feet on the parlor and dining-room and on the floor 
below, and forty feet in the room above, of exactly the same size 
and area. I think there is something peculiar in the construction 
of the building. The radiators must be very small on the lower 
floors if the increase from I square foot to 9, to I to 4%, 
would give them 66 per cent. more radiation in the room. I 
think we are discussing the paper without a knowledge of the 
conditions, and it makes an unfair comparison. 

Mr. Kent: I think the data are insufficient. It reads: “I had 
understood there was an attic (unheated) over the story, whereas 
in reality there was not, the protection against loss of heat being 
only a ceiling of lath and plastering, an air space and the ordinary 
sheathing, roofing-felt and gravel on the roof timbers.” We 
don’t know whether that air space was connected with out of 
doors or not. It is very common to find that an attic is actually 
open and the wind sweeps right through it. I know of a Sunday- 
school building adjoining a church where the air was found to 
be blowing through the attic. It may be these air spaces were 
not enclosed—dead air—but circulating air from the outside, 
which would make a very bad condition, and account, I think, 
for the 66 per cent. excess of radiator surface put in. It is neces- 
sary in attic construction to see that the air spaces are closed air 
spaces and not open air spaces. 

Secretary Mackay: In discussing the paper, deinen Mr. Bren- 
nan or Mr. Monroe said there was faulty circulation, otherwise 
it would not have required this abnormal additional of radiation. 
Ile makes the statement that on the top floor of the building he 
didn’t have sufficient radiation to accomplish results, although 
the same amount of radiation, less the amount computed for ceil- 
ing exposure, was sufficient, as I take it from the paper, to main- 
tain the temperature on the lower floors. By the addition of 
radiation on the top floor from 33 per cent. to 66 per cent. he 











go EXPERIENCE WITH RADIATORS IN THE TOP STORY OF A BUILDING. 


was able, according to his paper, to accomplish the same results 
on the top floor as he did on the second floor. Consequently, the 
circulation must have been right, otherwise the addition of cold 
iron without circulation in it would not have helped to heat the 
top floor. I think, as he says, he merely made a miscalculation 
and did not understand the building he was heating, didn’t under- 
stand that it had an outside wall exposure on the top as well as 
the sides, and he made no provision for it. He did not heat that. 
When he made provision, according to his methods of comput- 
ing, for the wall exposure, he accomplished the desired results. 
His rule seems to have been right, but he did not apply the rule 
to that floor. He left out the ceiling because he imagined there 
was an attic there. He evidently did not have plans on which 
he made his figures. 

The President: I want to call the attention of the gentlemen 
to one thing, and that is, if I remember aright, Mr. Reck had 
a scheme for re-heating the water up on the upper floor. Do 
you understand that that was applied in this case? 

Secretary Mackay: As I understand it, it did not help the top 
floor of a building any more than any other portion; it did not 
increase the temperature or radiation on the top floor over that 
in the basement. He claimed one of the advantages of his sys- 
tem was with the superheating arrangement you could accom- 
plish results where with the ordinary gravity apparatus you 
would have to follow nature’s laws. I understand the top floor 
had no advantages over the first floor or any other floor. 

The President: That was the point I wished to call attention 
to. If that arrangement had been as effective as was supposed, 
I do not think there could’be any question about the water being 
heated to as high a temperature as it would be on the first or 
second floors. 

Mr. Snow: In a number of successful installations, the amount 
of heating surface on the top floor has been increased by adding 
an amount based on the equivalent glass surface of the ceiling, 
which, with an unheated attic space, would amount to about 7; 
of the ceiling area, and with a bare roof about ,, the area. 
With the usual allowance for radiation of heat from direct steam 
radiators, these figures would correspond to about one square 
foot of direct radiating surface to sixty square feet of ceiling in 
the case of rooms with attic space overhead, and one square 
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foot of direct radiating surface to thirty square feet of roof, 
where there is no unheated attic. Since hot water radiation 
gives out about three-fifths as much heat per square foot as 
steam radiation, one square foot of hot water radiation would 
compensate for the loss of heat through eighteen square feet 
of ceiling with no attic space above as against an allowance of 
one square foot to every nine square feet of exposed ceiling 
recommended by Mr. Reck. 

Take the case of rooms about 50 x 100 x 12, and compute the 
probable loss of heat from a room on one of the lower floors, 
then add to same the loss of heat through the roof. This gives 
an amount of surface on the top floor about one-third greater 
than that on each of the lower floors. That is, this would be the 
case under average conditions. 

The 66 per cent. additional surface as stated in Mr. Reck’s 
paper appears excessive. In the case of factories heated by the 
overhead feed system, if the mains and branches are left bare 
on the top floor the heat radiating from them will just about off- 
set the loss of heat through the roof without any special allow- 
ance being made. Otherwise the radiation on the top floor must 
be increased to allow for the great loss of heat through the ceil- 
ing or roof as the case may be. 

Mr. Barron: I would like Mr. Mackay to take up Mr. Monroe’s 
question if he can remember the basis of it. 

Secretary Mackay: Mr. Barron must be somewhat of a mind 
reader. I had intended to say something on the subject, and I 
suggest and make this motion, if in order, that a topic as to the 
height of a building which can be successfully heated by hot- 
water circulation be added and discussed with Mr.- Brennan’s 
paper on the circulation of hot water. 

The President : It will be so arranged if there are no objections. 
(There appeared to be none.) 

Mr. Vrooman: Professor Kent offered a suggestion a few 
moments ago that we have a discussion on what relation sky- 
lights have to radiation, the paper to come up at the next meet- 
ing, but I propose, in addition to that, that we add the word 
“ ceilings,” because in almost every rule you give in books you 
will find that they consider area or exposed glass surface, or 
exposed wall surface, and the word “ ceiling” is almost invari- 
ably left out. 
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Mr. Monroe: As a rule, you don’t always take the ceiling on 
the top story of a building as exposed surface. This is as much 
exposed surface as the wall is. 

Mr. Vrooman: That is the point I want to bring out. I think 
the prevalent idea is to use a matter of judgment. I presume 
to-day among the trade—I do not speak of engineers—but among 
the trade perhaps more estimates are made and radiation laid 
out on the thumb rule than by any calculation of wall surface, or 
exposure, or anything an engineer would go by. The rule of one 
foot of surface to so many feet of space or air, perhaps, has more 
use than any other rule laid down. I do not say it is right, but 
it is practical. That, perhaps, is the cause of a great deal of 
trouble with badly heated buildings. 

Secretary Mackay: Mr. Vrooman makes the statement that 
the short rule for figuring buildings is more often employed than 
the long rule, which gives the figures of heat losses. I think he 
is wrong there. I think that the short rule in the hands of in- 
experienced people is dangerous. The experienced engineer has 
his short cut to results, his actual experience in heating buildings, 
which includes his proportion for walls, glass and ceiling expo- 
sure, and in the hands of an intelligent person and a person of 
experience it is all right, while the inexperienced person would 
not place it properly, and as a result—failure. You would say 
it required a certain amount to heat this room while an inexperi- 
enced person might arrive at a wrong conclusion. While he 
has not actually measured up the square feet of glass with a 
lead pencil and paper, he has figured it in his head. These rules, 
sometimes called short rules, are rules employed by the engineer, 
but the inexperienced person attempting to apply them don’t 
arrive at the same result. 
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CXXXIX. 
THE CIRCULATION OF HOT WATER 


BY JOHN S. BRENNAN. 


The first cause of the circulation of water in a hot-water 
heating system, by the force of gravity, is that the water 
becomes denser as it cools off, and it therefore outweighs 
the warmer and lighter water and pushes it to the top of the 
apparatus. Hot water will move when there is a heavier 
and cooler body of water to displace it and force it upwards 
by means of its superior weight. 


A 





The force which propels the water in the risers and radi- 
ators is proportional to the difference in the mean tem- 
perature of the ascending and descending parts of the appa- 
ratus, and is also proportional to the vertical height of the 
circuit. For example—in a circuit or riser 50 feet high the 
motive force would be twice as large as one only 25 feet high. 
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Tue force of the circulation through radiators with a given 
fall of temperature depends mostly upon the height of the 
return pipe and is independent of the height of that portion 
of the riser pipe which is above the radiator. Take, for 
example, a radiator on the fourth floor, A, or 50 feet high, 
another radiator on the first floor, B, or 10 feet high, with 
both feed or riser pipes the same height. The circulation 
through the radiator on the fourth floor will be about three 
times as great as through the radiator on the first floor. Not- 
withstanding the fact that the supply column of both radia- 
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tors are of equal height because the return, F, is about three 
times as high as the return, E, of the radiators on the first 
floor. The temperature of the, pipes C and D are nearly the 
same, consequently the water in D simply balances an equal 
height of pipe C, and fails to supply any force for circulation. 
The force for circulation in this circuit therefore depends upon 
the preponderance of the weight of water in the return pipe, 
E, over the weight of that in the pipe C below the level of the 
radiator B. 

Figure 1 is a fair illustration of a radiator with the ‘usual 
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style connections. The force of the circulation through the 
radiator depends upon the height of the return column. The 
return pipe having a strong pull on the radiator the most 
direct path for the current is along the lines indicated by the 
arrows, and the water up in the radiator has a circulation 
which depends not on the force of the main current but on 
the tendency of the water cooled in the radiator to fall to the 
bottom and to be replaced by water flowing upward in the 
coils nearest the entering feed. 

Figure 2 shows an improved connection to increase and 








improve the circulation in a hot-water heating system, which 
has been successfully used by the writer on a great many hot- 
water heating systems. The direction in which the arrows 
point show the actual current within the radiator. The hot 
water must pass directly to the top, dropping to the bottom, 
as it cools off returning to the return pipe. The circulation is 
positive and by actual tests the entering water is 6 degrees 
hotter than the circulation the old way, and, furthermore, the 
entire surface of the radiator is heated. I have compiled 
figures of tests of these two styles of connections for radia- 
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tors. A thermometer was placed on the feed and return 
section of each radiator, the connections on the usual style 
of radiator, columns 4 and 5, were 14 inch inside diameter 
on the feed pipe, and 14 inch diameter on the return pipe, 
the connections on the improved connection, columns 2 and 3, 
were 14 inch connection with a partition in it with 14 inch 
feed and return pipe. 


1 2 3 4 6 
Time. Return Therm. Feed Therm. Return Therm. Feed Therm. 
2:05 88 9s 88 92 
2:10 98 108 7 102 
2:15 108 116 106 110 
2:20 122 128 120 122 
2:25 126 182 124 128 
2:30 132 140 132 135 
2:35 140 146 140 142 
2:40 144 152 144 146 
2:45 150 158 151 152 
2:50 156 161 156 158 
2:55 158 166 160 163 
3:00 160 172 163 170 
3:05 166 178 17 165 
3:10 172 182 177 180 
3:15 176 186 182 184 
3:20 180 190 186 188 
3:25 184 194 190 192 
3:30 189 199 196 198 
3:35 192 202 198 202 
3:40 196 206 202 206 
3:45 200 210 206 209 
3:50 206 212 208 2 
3:55 208 213 210 


Column 1 is the time in which the test was made. Column 
2 is the top return section of the radiator with the improved 
connection, and column 3 is the thermometer on the feed 
section of the radiator with the improved connection. Col- 
umn 4 is the thermometer on the return section of the radiator 
with the old style connection. Column 5 is the thermometer 
on the feed section of the old style radiator connection. The 
radiator with the old style connection, columns 4 and 5, is 
a 13 loop 38 inch high Corinth radiator, containing 71} sq. ft. 
radiating surface. The radiator with the new style connection, 
columns 2 and 3, is a 24 loop 14 inch high Unique radiator con- 
taining 96 sq. ft. of radiating surface. It will be noticed that 
the thermometer on column 3 or feed pipe of improved con- 
nection is higher than the one on column 5 or feed pipe of old 
style connection, it being six degrees higher and remaining 
somewhat higher until the thermometer registers 212 degrees. 
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The principal object to be sought in designing a system of 
hot-water piping is to adjust and equalize the resistance in 
each circuit and branch so that the hot water will flow 
with equal readiness to each radiator. This is accomplished 
by making the diameter of each pipe just sufficient to pass 
the desired amount of water under the head or drawing force 
which is available in that particular part of the system. 

Heretofore a great many people objected to hot water as 
a means of heating on account of the radiators having a con- 
nection at each end, and when any cleaning or painting was 
done behind the radiator it was necessary to drain the water 
from the radiator and disconnect it from the flow and return 
pipes. This necessitated shutting down the apparatus until 
the radiators were connected again. 

The trouble and annoyance incident to setting and connect- 
ing a radiator with two pipes in or above the floor in the usual 
way are avoided by this improved connection which requires 
but a single opening to be cut in the floor and a single coup- 
ling to be made above the floor. This improved connection 
by its peculiar construction allows a radiator to be swung aw:ty 
from the wall without interrupting the circulation of the 
water. This is very useful when using the apparatus when 
the building is being erected. The heating apparatus can be 
installed complete and the radiators swung out, and when 
the building is completed they can easily be swung back in 
place again. 


DISCUSSION. 


Mr. Cary: The method employed by Mr. Brennan to show the 
efficiency of his radiator may be a correct one or it may be totally 
wrong. 

For this purpose, I see that he takes the temperature of the 
steam entering the radiator, and at the same time he notes the 
temperature of the steam and water leaving the radiator. The 
difference is very small according to his statements, one or two 
degrees in some cases. 

The average difference in the reading of most thermometers 
commonly used in such work is over two degrees, so I would 
like to ask Mr. Brennan whether he carefully compared his ther- 
mometers one with the other, and noted whether both read alike. 

Mr. Brennan: I did. 
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Mr. Cary: That is a most important matter for such observa- 
tions. A statement showing the mere difference in temperature 
between the inlet and outlet of a radiator gives us very little 
information concerning its performances unless we know the 
quantity of steam passing through it during such a test. What 
we wish to know is the quantity of heat (expressed in British 
thermal units) which is radiated in a given time, which requires 
a knowledge of the number of pounds of steam used as well as 
the temperature determinations. 

A small quantity of steam supplied in a given time may have 
a very large temperature drop, while a large quantity of steam 
used during the same time may have a very small drop in tem- 
perature. 

I do not find, in Mr. Brennan’s paper, a statement which would 
give us this most necessary information. 

Secretary Mackay: I read Mr. Brennan’s paper with a good 
deal of interest, being more or less connected with the applica- 
tion of hot-water circulation. He makes a statement in the first 
of his paper, on the second line, and says: “ The water becomes 
denser as it cools off, and it therefore outweighs the warmer 
and lighter water and pushes it to the top of the apparatus.” 
Now, in looking at these two cuts, and in considering the gen- 
eral application of the apparatus, I cannot understand why this 
first clause of his paper would not apply to Fig. 1 as well as 
Fig. 2. 

Then he makes reference to the old style of radiator and the 
new style of connection which he speaks of here. I want to cor- 
rect him in that. In the former construction of radiatars for 
hot water—I might say the first construction for hot water—we 
considered that it was necessary to block off the first loop of 
the radiator at the bottom so the water would take its course 
into the radiator, up the first loop to the top, as Mr. Brennan 
has shown here in Fig. 2, then along the top and down the other 
loops to the return. That gave’what we considered was positive 
circulation, and would do away with the possibility of short cir- 
cuits and all those enemies we had to contend with and which 
we had to overcome before we could successfully apply a hot- 
water heating apparatus. 

I conducted some tests at the Griffing Iron Works, some eigh- 
teen years ago, where that question was under discussion in the 
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old Bundy radiator. We put these up in a shed and connected 
them with a hot-water heating apparatus. The radiators were 
the only construction we had known up to that time—this im- 
proved construction. We found we got equally good results, 
or if anything better results, by allowing the water to ascend in 
as many loops as it would and descend in all the others. The 
radiator we found was merely a tank that held the water, that 
if you introduced heat at any point it rose to the highest point 
and went down without the necessity of any special device or 
anything of that sort. We had a peculiar experience there which 
I think worth while mentioning here. In cold weather when 
we would start up the apparatus, when the temperature out of 
doors was perhaps down to around zero, it was impossible to 
get any circulation in these radiators until you had completely 
filled them with water, and before they were completely filled 
they were frozen solid. We had to go around with torches over 
the return pipes and radiators before we could get circulation 

In the newer construction, where you enter the water at the 
bottom and take it out at the bottom, regardless of whether you 
take it out at the same end or the opposite end, so long as there 
is one-eighth of an inch of water in the base or sufficient to con- 
nect the flow and return pipes you have circulation, and the bot- 
tom of the radiator was as hot as the water in the boiler less the 
loss of heat from the boiler to the radiator. We had no trouble 
from freezing. We had no trouble from the circulation, and we 
positively got better results. I attributed it to absence of the 
friction caused by putting in a device to compel the water to take 
a sharp turn. 

Now, there are two different ways of describing Circulation. 
One says heated water, being lighter, will flow to the top and 
compel the heavier water to go down. The other is that the cold 
water being heavier, dropping will compel the lighter water 
to ascend. It is something that is in common practice in every 
house in the United States that has plumbing in it with hot- 
water circulation. Without the need of any special device the 
water heated in the water-back will go to the boiler. This is 
going on every day with success. Devices for accomplishing it 
have not in my judgment done as well as the old method. 

Another point. We originally thought it was positively neces- 
sary to enter the water at the top of a coil and take it out at the 
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bottom, and in a radiator to bring the water in at the top and 
take it out at the bottom, at the opposite end, a positive necessity 
in applying hot-water circulation. Some trouble from freezing 
took place there. I have since discovered that it is not any fur- 
ther from the top of a radiator to the bottom of it, inside of it 
than it is outside of it; that if a radiator is three feet high on 
the outside, it is three feet high, less the thickness of the metal 
top and bottom, on the inside, and if you bring the water in 
hot it has got to go to the top and go across and down, and it 
doesn’t make any difference whether you put your connection 
outside, on top or at the bottom. The only point of advantage 
it had was that you didn’t have to stoop to open the valve. They 
got over that by giving you a valve you can kick with your foot. 











SECTION AND PLAN OF FITTING FOR A SINGLE 
CONNECTION ON A HOT WATER RADIATOR. 


In making a number of experiments with hot-water circula- 
tion in radiators I discovered—I am not the originator of it— 
that it did not make any difference whether you took the flow 
in at the bottom and out at the bottom, on the same end or oppo- 
site ends. I also discovered if conditions were such that you 
could not get across to the opposite end you could take the 
ordinary radiator and put two connections on one end. 

I have shown a special fitting made up some years ago. I 
would take a radiator and put an ornamental plug in the op- 
posite end, screw this fitting in, which would make the con- 
nection slightly longer still; that enabled me to take the ordi- 
nary hot-water radiator, constructed in the ordinary way, plug 
up one end and screw it in, making the connections as large as 
one and a half inch at times. Naturally I didn’t get as much 
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area, but I found I got equal results as with opposite end con- 
nections and it didn’t short circuit. It lay flat, so the flow of 
hot water and the return water went in and came out on the 
same level. I found there was not any difference with the 
same radiator whether connected at the top or at the bottom. 

Mr. Brennan makes another statement here, that in this figure, 
which is lettered and not numbered, that a better circulation is 
obtained in “ A” through “G” and “F” than would in “B” 
through “C” and “ D.”’ I do not know what provision he made 
for the exhaust of his air along the top line there, but his results 
are exactly opposite to what has been done in the average hot- 
water plant. I have found it in practice of a good many years, 
that I can by an overhead supply reduce the area of my mains 
from 20 to 25 per cent. in hot-water circulation, and I think that 
is the average experience of the men doing hot-water heating. 
I can do that with any overhead supply system over what I can 
with the under supply, all the radiators being of the same size. 

It seems to me there must have been some peculiar conditions 
in connection with his tests; he did not extract his air properly, 
or something of that sort. Air, of course, is the worst enemy 
we have to contend with in hot-water circulation, and the pres- 
ence of it will as effectively stop circulation as if you had an 
expensive gate valve. That statement would seem to upset all 
the theory and actual practice in applying overhead hot-water 
system as against an under supply. 

A Member: I was under the impression something you said 
at a previous meeting showed you believed that we often made 
a mistake in getting too large a flow. 

Secretary Mackay: I think we can go as far in that direction 
as the other. We can make the pipes too small and interfere by 
friction or too large and interfere with controlling the apparatus 
by raising or lowering the temperature and by short circuiting. 

(Addressing the President.) I understood, although you did 
not announce it, we are to couple with this discussion the topic 
proposed by Mr. Monroe: “ What is the greatest height of a 
building which can be successfully heated by a gravity system 
of hot water, taking into consideration the pressure on the ap- 
paratus due to height?” 

The President: That was understood. 

Secretary Mackay: While I have not any positive informa- 
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tion as to actual measurements in feet, I would mention that 
Baker, Smith & Company, some four or five years ago, installed 
a hot-water heating apparatus in New York, where it was ten 
stories above the street—the boiler being in the sub-cellar. The 
first floor was about five feet above the sidewalk. The basement 
would make it eleven stories, and they would average, con- 
sidering the thickness of the floors, etc., about fifteen feet, so 
that there would not be any less than one hundred and thirty- 
five feet. 

In the Polytechnic Institute they have had an apparatus in use 
for twelve or fifteen years where the height to the top of the 
water is 120 feet. 

In the Odd Fellows’ business block, in New Bedford, Mass., 
they have had a heating apparatus in use for fifteen years where 
the building is a six-story building and the tank is up in a tower 
one or two stories above, and from the tank to the boilers is 
something like 110 or 115 feet. 

These are three cases that I know of. Take fairly high build- 
ings, there are lots of them five, six or seven stories, being heated 
from year to year without any trouble. 

In this particular apartment building in New York, ten stories, 
it was a question with them about the construction of the valve 
that would stand the pressure, leaking, etc., under that excessive 
head. While they felt the boilers, mains, etc., would stand it, 
they were in doubt as to the movable parts. They expected leak- 
age there. I was called in in connection with that, and as far as 
I know they had no trouble from the valve suggested. Had there 
been trouble I think I would have heard from them. A leak there 
would have been a bad thing. That building is the tallest build- 
ing I know of heated by hot water, except, I understand, the 
Mormon Temple, in Salt Lake City, is a very high building and 
heated by hot water. I understood at the time I was connected 
with it that the boiler manufacturers had to give a guarantee 
that their boilers would stand 260 pounds steady pressure. 

Professor Kent: Is there any automatic fitting that could be 
used to draw off the accumulation of air in the top of the radia- 
tors? 

Secretary Mackay: There have been, but that is one point 
where the overhead system gets rid of it. We come down with 
one pipe instead of two, connecting into the radiator top and 
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bottom at the same end, and frequently back to the same main, 
and then you relieve the system of air at the highest point. You 
get rid of the air. Whereas, in the ordinary apparatus you have 
to have an automatic air valve which has not, in my experience, 
been found to be successful. With an ordinary air valve it is 
not a matter of much manipulation except on the top floor of 
the building. The air valves don’t have to be operated the en- 
tire winter. 

There are different ways of doing it. Some pipe the apparatus 
in the ordinary way and then take an air pipe from the top of 
each top floor radiator, which is not as objectionable as taking 
from all radiators. Some pipes are run at a point where they 
freeze, and might also be broken by expansion. The ordinary 
key air valve is used where they put a top feed and bottom re- 
turn. They put the air valve at the opposite end more as a guide 
in filling up the apparatus, to let you know where the water is. 

I find no automatic devices that would remove the air from 
the hot-water heating system as well as the overhead system with 
a single connection. I use exactly the same thing in indirect hot- 
water radiation. I have seen indirect hot-water apparatus where 
they made the radiators the same as shown in these figures. I 
think the simplest and best way to pipe for indirect radiation is 
to pipe it similar to what you would low pressure steam. That 
way, tu my mind, is simpler, better and surer, and always insures 
the radiator being in operation as long as there is fire in the 
heater and water in the apparatus, with the exception of rooms 
on perhaps the third or fourth story, which are not so important. 
I have frequently used the same main for indirects as for the 
directs, but the objection to that plan is that the upper radiators 
will draw water from the lower ones. The customary practice 
has been to run separate mains for the direct radiators from the 
boilers and separate mains for the indirect, so that they can be 
valved off separately and so that the upper radiators could not 
get water intended for the indirects—consequently insuring more 
uniform distribution of the heated water—the entire first and 
second floors heated by indirect radiation and the third floor by 
direct radiation. 

Mr. Monroe: Isn’t it as practical in a system where the main 
flow and return is in the basement to make the connection to the 








104 THE CIRCULATION OF HOT WATER. 


radiators at the top and let the water pass on out through the 
riser, venting the top-floor radiators with air valves? 

Secretary Mackay: That could be done, but there is a possi- 
bility of breakage by expansion and contraction, and there is a 
possibility of robbing your first floor radiators. You are taking 
out the hottest water from the radiator where it accomplishes 
nothing except to draw the water away from that radiator. The 
trouble from air has been on the upper floors of the buildings, 
and while there is a certain amount of air in the water all of that 
goes to the top. It is there where your trouble is from air, if it 
exists at all, and not on the first floor. 

Mr. Monroe: I am taking the feed connections going to the 
top where the return connection goes under the bottom. The air 
will pass up through the feed connection until that radiator is 
filled with water. 

Secretary Mackay: The condition Mr. Monroe mentions brings 
us right back to the trouble I have experienced in circulation and 
in the freezing of radiators in new buildings, possibly cutting off 
your circulation if you haven’t got that air connection, and you 
have got to have that radiator full of water before you get 
circulation. The moment the water gets below the top pipe, 
which may be one and one-half inches from the top of the 
radiator, you have no circulation. Taking off an air pipe won’t 
help the circulation in that particular radiator. Of course, you 
can fill it with water and it will insure circulation. The mo- 
ment it gets below the top your radiator stands full of water. 
The principal objection I have to the air pipe is possibility of 
breakage and the unsightliness of it. 

Mr. Brennan: In regard to the several objections Mr. Mackay 
has made to this style of connection, I might say that the con- 
nection that he has drawn on the blackboard, and where he claims 
the circulation is connected to both ends, I experimented with, 
and, if you will notice in Fig. 2, the partition is extended to 
the first push nipple. It is not so tight that it excludes water 
from passing through into the radiator, but this partition was 
arranged so that it was about midway or in the centre of the 
first section of the radiator. The test was then made and the 
circulation in this radiator was from 10 to 15 degrees cooler than 
with the old style of connection. If this radiator was air-bound 
at the top there was still circulation enough to keep the radiator 
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from freezing, providing it was not too cold in the room and 
the windows were not open. 
There are objections—some objections can be found in the 


_ most kinds of heating apparatus. The overhead system will not 


circulate until all the radiators are completely filled with water. 
I had a case of a four-story building in the country, with the 
overhead system, where we had to pump water, and before I 
could get the water to the fourth story I had pretty nearly all the 
radiators frozen up. The freezing up of radiators in a new 
building this connection would obviate to a certain extent, be- 
cause where you use radiators for temporary heating it is usu- 
ally the practice to connect the radiator with pipes, extending 
the radiator out so that the workmen can get behind it to do 
the finishing. 

The tests, or tables, which I give on page 2, show simply an 
idea of mine. I come across a heating man and he says he puts 
in the overhead system and gets best results, gets more hot water, 
better circulation, and with smaller mains, etc. Another man 
says he puts it down in the basement and wouldn’t put in any- 
thing else. Another man says he connects at the top and goes 
out at the bottom, at the same end. 

While I have put in a number of different apparatus, I have 
made no actual tests as to temperatures or as to what these dif- 
ferent styles of radiators would do until the present test. I did 
not make tests enough to satisfy myself, and the reason for pre- 
senting this paper this morning is just to get this discussion as 
to the merits of hot-water heating. Whether the overhead sys- 
tem will heat or take more heat units from the fire than the sys- 
tem in the basement is what I want to get at, and get if possible 
an accurate test of the different systems of heating together with 
accurate reading of temperatures on the different floors. I do 
not say that this connection I have is the only connection, but it 
is just simply an experience of mine. 

Mr. Cary: The principle governing the circulation of water 
in heating systems is comparatively simple from a hydraulic 
standpoint, and it can be easily illustrated by taking a simple U 
tube, such as I have shown in Fig. 1, having the top of the two 
legs opening into a common chamber or vessel. 

When this simple apparatus is in use, leg B will contain the 
ascending current of hot water representing the supply pipe of 
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our system. As this water leaves the boiler, and after entering 
the expansion tank, which is represented by vessel A, it descends 
along the leg C (which represents the return piping) and passes 
to the boiler. When this circulating water is again heated in 
the boiler, the water will, of course, pass up along the line of 
the supply pipe represented by leg B, and so continue this cycle 
of circulation. 

The reason for this action of the water in our circulating 
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CIRCULATION OF WATER. 


system is very simply accounted for when we remember that the 
column of water found in leg C, and, therefore, the weight of 
the column of water in the leg B, is lighter than that contained 
in the leg C. y 

Let us now, for example’s sake, extend the top of leg B su 
that it will rise to the height shown by the length E, while we 
make no change in the length of the leg C. 

By again heating the water in the leg B, its weight per cubic 
inch is reduced, so that it may rise to the top of the extension E, 
and the heavy cold water contained in the leg C will just balance 
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the weight of the lighter water contained in the leg B to the 
top of its extension. 

Under these circumstances no circulation whatever would 
take place in this system as the weight of the column of water 
in both legs, although extending to different heights, will just 
counterbalance one another. 

In such a case the height 4 will represent the head or addi- 
tional height of the column of water in leg B which causes the 
water to circulate. 

This is merely a case of water flowing from a higher to a 
lower level, an example with which we are all familiar, and the 
velocity of flow in feet per second while h represents the height 


from the formula V = 2 gh. V in this formula represents the 
velocity of flow in feet per second while h represents the height 
shown by the distance E, illustrated in our drawing, and g is 
the acceleration due to gravity or 32.2. 

Unfortunately, it is impossible for water to circulate in a heat- 
ing system at this velocity, owing to the friction it meets with 
in passing through supply and return piping as well as when 
passing through the boiler, and also on account of minor obstruc- 
tions. 

In hydraulics, the height E is termed the “ flow head” or the 
“ velocity head,” and in order to obtain a corresponding value 
which will represent the friction in the pipe, it is customary to 
consider this friction as equivalent to what is called a “ friction 
head,”’ which latter value is obtainable by calculation. 

The friction in the pipe would produce identically the same 
effect as though we extended the height of the leg C above the 
line A, as is shown by the dotted line F in the drawing. 

It is sometimes found in improperly installed heating systems 
that the friction is so great there is no circulation whatsoever 
through the heating system, in which case we would show the 
friction head at least equal to the height E, as is shown on top 
of the leg C and indicated by the distance F. 

Under such conditions it is easily seen that with the flow head 
E and friction head F extended to the same height no circulation 
whatsoever will occur in our heating system, and, therefore, it is 
very important to see that we have an ample area in our pipes 
and through our valves and other fittings, as well as through 
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the boiler, in order to insure a perfect circulation in a heating 
system, and the height F should be kept as much below the 
height E as is practically possible to insure a perfect circulation 
in our hot-water heating system. 

Professor Kent: I wish to ask Mr. Brennan about this table 
on page 4. What are the conclusions to be drawn from that 
table? He has not summed them up nor made averages and 
not put them in shape to convey what they do mean. 

A statement on page 5 seems a misprint. It says columns 4 
and 5 and the figures don’t correspond with the figures in the 
table. I cannot get anything out of the table except that there 
is a smaller difference of temperature between the feed and the 
return with the improved system than with the old system. In 
order to make this test complete we would have to have meters 
on the pipes to show the amount of water going through the radi- 
ators, as well as the temperatures. Temperatures are not the 
whole thing. 

Mr. Brennan: These tests I have made were simply to bring 
out discussion. Column 5, on page 4, is the feed temperature 
of the radiator, with the old style connection, and column 4 the 
return. These were changed in printing. It is a little different 
from what I had it in the rough, but the printer and Mr. Mac- 
kay thought it better to change these different columns, which 
is why it is a little confusing. The idea I wished to bring out 
here and impress upon you was that in constructing and design- 
ing hot-water apparatus a good deal depends on the manner in 
which you construct the pipes, and that the largest pipe doesn’t 
always give the most hot water. I have noticed several times 
where you have a hot-water valve with a small opening in it to 
keep the water in the radiator from freezing when you shut the 
radiator off—it had an opening about as big as the point of a 
lead pencil—the radiator would sometimes stay warm until all 
the water was cool. It was almost impossible to shut off the cir- 
culation of water in the radiator, and oftentimes I have had to 
go and solder that opening up. 

Now, as the gentleman has shown in the drawing on the black- 
board, my idea is that the radiators on the first floor are much 
colder than on the second floor, and the radiators on the third 
floor much hotter than on the second floor. I have endeavored 
to get a discussion of this question as to the merits of the different 
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systems of heating. These tests I have made are not technical, 
but merely a practical illustration of what I have done in this 
particular case. As I said in the first place, there is not any- 
thing technical about it. 

These tests were made with different kinds of connections, and 
as I explained in the start, the reading of the temperature in the 
different columns was to show that the object sought in design- 
ing a system of hot-water piping is to adjust and equalize the 
resistance in each circuit and branch so that the hot water will 
flow with equal readiness to each radiator. This is accomplished 
by making the diameter of each pipe just sufficient to pass the 
desired amount of water under the head or drawing force which 
is available in that particular part of the system. 

Secretary Mackay: Mr. Kendrick has asked a question. It 
was to arrive at some conclusion that these tests were made. We 
found it made a difference—while heating the radiator as uni- 
formly as with the division in—a difference of from Io per cent. 
to 15 per cent. in time. That is, the radiator without the divi- 
sion heated up to Io per cent. to 15 per cent. quicker than with 
the division, and we attributed that to the trouble we all ex- 
perience in hot-water heating, friction, when you attempt to 
turn a volume of water quick and short—long-turn elbows in 
hot-water heating are of advantage. We have a space of one 
inch on the inside of a radiator, and we turn the water abruptly 
in that space, whereas in the open-spaced radiator the water flows 
through with little friction. 

There is one other point. Mr. Cary makes a drawing of hot- 
water circulation. Those who have had experience with placing 
hot-water heating—I think Mr. Brennan will agree with me— 
the statement is made that it is impossible to hold cold water 
above hot water in hot-water heating apparatus. It is done time 
and again. We find in our experience where water passing from 
a radiator will get into the return pipe at a higher temperature 
than the water further along the line in the same return pipe 
and will hold the other radiators in check and cold while there 
is a high temperature at the heater. 

Mr. Vrooman: A gentleman proposed the idea of how to heat 
a high building with hot water without excessive pressure. It 
might be done by dividing the system into sections. The accom- 
panying drawing is divided into three sections of 50 feet each. 
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Section through Tanks 
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The boiler heats the tank A, which contains a separate tank C, 
inside as shown. The principle is the same as is used in plumb- 
ing where a double boiler is utilized, and one boiler is connected 
to the tank and the other to the water back. 

A = Exterior tank. 

C = Interior tank. 

D = Return from tank A to C. Also from radiators. 

E = Flow to tank A from C. Also to radiators. 

F = Expansion pipe. 
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CXL. 


THE ART OF HEATING AND VENTILATING AS 
PRACTISED FIFTY YEARS EARLIER. 


BY R. C. CARPENTER, 


It had been the intention of the writer to give an extended 
résumé of several early works on Heating and Ventilation in 
order that opportunity might be given to contrast our present 
practice with that common fifty years earlier. A press of other 
work has prevented me from giving the necessary time to this 
article to make it of much value historically, and I can only hope 
to suggest in the short time which I have had for the prepara- 
ticn some topics for discussion to those who are qualified to dis- 
cuss the present methods as compared with those used much 
earlier. 

I can at best hope to make only a few general observations. 

One conclusion which I think can be stated in contrasting the 
work done in this art one-half century earlier with that to-day 
is this: the improvements which have been made are principally 
in the line of. manufactures such as can be comprehended under 
the heads of materials, workmanship and art. There have not 
been any great or radical changes.in methods and systems of 
heating and ventilating, so far at least as the descriptions in the 
various books at hand indicate. Fifty years ago there were few 
manufactured articles on the market in any country of the world 
for the erection of heating and ventilating systems, and it was 
necessary in a great measure to use articles of special design and 
manufacture. ; 

Thus, for instance, if you refer to the work of Thomas Tred- 
gold, published in London in 1836, you will find that at that 
time a steam-heating engineer would have been in possession of 
approximate methods of computing the loss of heat radiated 
from buildings and of corresponding methods for computing the 
necessary size of radiating surface to supply the required heat. 
You will find, however, no standard or manufactured forms of 
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heaters or radiating surfaces existed, and that consequently it 
was necessary for the heating engineer to also be his own manu- 
facturer and designer and construct his own heaters, radiators, 
etc. 

Tredgold’s book referred to above states that steam pipes may 
be made of cast iron, lead, copper or wrought iron, but in prac- 
tically all the examples cited cast-iron pipes are shown. Regard- 
ing the various joints for pipes, Tredgold gives preference to the 
flanged joints packed with a “ flat plait of slightly twisted hemp 
yarn which has been previously saturated with stiff white lead 
paint.” He also speaks of making joints by facing the flanges 
and using for packing a strip of tin. He had even found out at 
that time that lead was too compressible to be used instead of 








FIG. I.—FLOAT TRAP SHOWN BY TREDGOLD. 


tin for this purpose, as it contracts permanently. He also speaks 
of the use of iron cement for flanged joints. The use of spigot 
and faucet joints, which were then common for water pipes, he 
states are not well adapted for steam pipes because there is no 
provision for holding the parts together. 


Tredgold states that wrought-iron pipes are joined “ by mak- — 


ing the lengths that are to be put together each to screw into a 
piece of pipe of larger diameter,” which is practically our method 
at the present day. For the purpose of taking up expansion, 
Tredgold recommends that a drum of thin copper be employed 
which may be compressed or extended without injury, and states 
that such drums were used in steam pipes supplied to warm the 
lecture room at the Royal Institution. He states that the expan- 
sion may be taken up by connecting the pipes to a short length 
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of smaller pipe arranged to slide in a stuffing box, but the drum 
he considers preferable. 

Tredgold’s work shows that he was well acquainted with the 
design and construction and use of steam traps for removing 
the water of condensation, two kinds being illustrated, one a 
float trap which is perfect in every detail, and the other a siphon 
trap made by connecting the return pipe with a U-bend, of which 
the legs were long enough to overcome the pressure due to the 
steam. 

The boilers shown in Tredgold’s work are both cast iron and 
wrought iron. The cast-iron boiler is of spherical form without 
internal tubes, and it is set in brick casing so arranged as to 
cause the heated gases to encircle the sphere in a spiral path. The 














FIG. 2.—SIPHON TRAP SHOWN BY TREDGOLD. 


wrought-iron boiler is of cylindrical form without any internal 
flues and is set in brick work so as to be encircled by the heated 
gases. The boiler is provided with a safety valve, opening in- 
ward to prevent the formation of vacuum, and a combined cover 
and safety valve, opening outward, the manhole cover being held 
on by a bar designed to give way should any excess of pressure 
come upon the boiler. ) 

In the steam-heating system shown by Tredgold the condensed 
water is usually returned to the boiler by gravity, his direction 
for piping being as follows: “ The steam pipes proceeding in 
the nearest course to the highest point where steam is required 
and then descending to the lowest, from which the small con- 
densed water pipe returns the water to the boiler. Unless you 
want heat in the places through which this small pipe is to pass, 














HEATING AND VENTILATING AS PRACTISED FIFTY YEARS EARLIER. 115 


let it be surrounded with slow conductors of heat, so that as 
little as possible may escape.” 

He states that when the boiler is not sufficiently low to receive 
the return water, then it may be necessary to adopt other schemes, 
and he describes a very ingenious method of raising the water 
of condensation by means of the steam pressure acting on one 
leg of a U-shaped piece of piping, so connected as to raise the 
water in the other leg high enough to enter a tank, from which 











FIG. 3.—TREDGOLD’S METHOD OF LIFTING 
WATER OF CONDENSATION, - 


it will flow to the boiler, the water level in the boiler being regu- 
lated by a float valve. 

Tredgold expressed an opinion very unfavorable regarding 
the use of heating with hot-water circulation, and it is quite pos- 
sible that he did not appreciate the force which caused such cir- 
culation. 

Tredgold’s book is ample evidence that the art of heating with 
fireplaces was rather more advanced in his day and time than 
at the present, principally because they were more used. He 
gives detailed descriptions of fireplace constructions designed 
to utilize the heat to the best advantage, and discusses the 
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methods to be followed in securing perfect combustion and 
best results. 

The treatise on Warming Buildings, by Charles Hood, written 
in 1844, is principally devoted to the method of heating with hot 
water. In general, the same observations regarding practice at 
his date could be made as in respect to the time of Tredgold. His 
work shows an excellent understanding of the principles of heat- 
ing by hot-water circulation, his methods being limited by the 
materials and workmanship available at his time. 

Both Tredgold and Hood consider methods of ventilation as 
well as heating and approximate rules are given for the motion 
of air in flues which is caused by a difference in temperature. 

In 1844 Dr. D. B. Reid wrote a work on “ The Theory and 
Practice of Ventilation,” which is a classic in its line even to 
the present day. Dr. Reid’s treatise shows that the science 
and art of moving air by difference in temperature was prob- 
ably as well advanced as at the present time, and he gives de- 
tail drawings of the construction of the ventilating system in 
the House of Commons and full description of the results of 
the various experiments in that building. His description of 
the ventilation of the House of Commons is well worthy a 
place in our Proceedings. 

Dr. Reid also describes a number of forms of fans or blowers 
which indicates that in many cases these were frequently used 
at that time for forcing in fresh air from the outside or exhaust- 
ing it from the inside. The blowers, or, as Dr. Reid calls them, 
“fanners,” while well known, were evidently not used to any 
great extent at his time, probably principally because of the dif- 
ficulty-of obtaining power. 

The works of Peclet were printed in France about the same 
time as the books previously referred to, and these also illustrate 
the same propositions which I stated at the beginning of the 
article, and will not be further, referred to in this particular time 
and place. 

It will, I think, be generally admitted that all our processes 
of heating were known in a general way fifty or sixty years ago, 
that our improvements have been principally in the lines of de- 
tails of manufacture, in adapting materials to a greater field of 
usefulness, and in working up standards for manufactured arti- 
cles. The effect of the improvements has been, first, a great 











HEATING AND VENTILATING AS PRACTISED FIFTY YEARS EARLIER. 117 


reduction in the cost of the heating plant; second, greater econ- 
omy in the use of fuel, and, third, a greatly extended application 
of the improved systems and methods of heating. 

The American excels practically every other nation principally 
by his engineering ability, which is manifested by the production 
of simple and effective designs, by improved methods of manu- 
facture by which the cost of construction is reduced and the 
quality improved. The ability of the American engineer along 
such lines is nowhere better illustrated than by the thousand and 
one, perhaps ten thousand and one, standard articles which have 
been constructed to meet every possible phase of demand for the 
heating and ventilating of buildings. As illustrations we have 
our standard pipes constructed of steel or wrought iron of any 
size desired; for these pipes we have an almost countless variety 
of standard valves and fittings. We have radiators in cast iron 
or steel of almost endless shape and variety and sufficient to meet 
almost any possible conception or demand of the user. We have 
standard heaters designed on scientific principles of so many © 
varying proportions, sizes and shapes that no demand can arise 
which cannot be filled. This list could be almost indefinitely ex- 
tended ; it serves to show that the art of heating and ventilating 
has greatly improved in the last half century. My previous re- 
marks show that its improvement has been more greatly in engi- 
neering and manufacturing lines than in scientific or philosophical 
lines, still I do not wish to convey the impression that we have 
made no progress in the use of new processes for heating or in 
the application of scientific principles to new purposes, for I 
think as an illustration it will be found to be true that vacuum 
systems of heating which are now common with us were not 
described fifty years ago, and doubtless many of the gentlemen 
here present will call attention to other recent improvements not 
referred to in the early publications. 

I regret exceedingly that my time of preparation was not suf- 
ficient to cover the field in a more satisfactory manner, and I 
trust that the discussion which I hope will follow the paper will 
make amends for its deficiencies. 


DISCUSSION. 


The President: You have heard the reading of Professor Car- 
penter’s paper. Are there any questions any gentleman would 
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like to ask Professor Carpenter on these points? If so, I am sure 
he will be pleased to answer them. 

Mr. Barron: That contribution opens up a field of thought 
which is very interesting I think to most of us—the looking back 
to what they were doing a half century ago and what facilities 
they had for doing it. 

He refers to Tredgold’s work being published in 1836. My 
recollection is Professor Carpenter has overlooked the fact that 
Tredgold’s work was originally published in 1808—if I am not 
mistaken—and that 1836 edition was a re-issue by T. Bramah & 
Sons. Tredgold’s books took a position as against hot water and 
Hood’s work rectified that position and changed the attitude of 
the engineers to hot water. I may be wrong. Buchanan’s work, 
published in 1810, strongly advocated steam as against hot water, 
and I think Tredgold agreed with that. I think the engineers 
in 1808 were strongly in favor of vapor or steam as against hot 
water. But towards the middle of the century that all changed, 
and illustrated the change in public opinion and the trend in 
Europe generally. 

I think myself that Professor Carpenter in the title of the 
paper, “ European methods of heating fifty years ago,” has 
made a mistake. He might have made it the general practice 
of the world. Our practice in this country is almost the same 
as in England—following the English practice—the men, largely 
mechanics, coming from England. It is really the heating art 
of the world fifty years ago that Professor Carpenter has covered 
in his paper. 

Mr. Cary: Professor Carpenter has given us considerable food 
for thought. 

Last evening, at our dinner, there was included in our as- 
semblage many recognized authorities in the design and con- 
struction of steam and hot-water heating plants, and the knowl- 
edge that this Society possessed such gentlemen as members 
caused, in the excitement of the occasion, a considerable amount 
of self-praise and “ bouquet throwing,” but when we pause to 
consider this matter calmly, and endeavor to rationally answer 
the question, What has actually been accomplished by the work 
of this Society during the past eleven years of its existence? 
what answer can be given? What definite examples can be 
proffered ? 
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There have been many good old designs and theories trotted 
out in new clothes perhaps, but, as Professor Carpenter has 
shown, many of these were known and applied forty or fifty 
years ago. 

It would be both interesting and instructive to continue such 
investigations, and show the condition of the arts of heating and 
ventilation eleven years ago, and add to this a statement of ac- 
complishments in these lines during the past eleven years, and 
then find what part of these recent accomplishments were due to 
the efforts of this Society. 

Possibly the latter statements would be a disappointment to 
many of us. 

Professor Carpenter’s paper is full of interest, and I hope 
that he will favor us with another one of the same sort. 
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TEST OF A STEAM-HEATING BOILER 


BY R. C. CARPENTER, 


Chairman, Committee on Tests. 


During the past summer the writer had an opportunity of 
making two tests of a steam-heating boiler which are believed 
to be worthy of record in the archives of the Society. It is the 
duty of the Committee on Tests to make accurate determinations 
of the efficiency and capacity of apparatus which is in use for 
heating purposes, and also to record, in such form as to be readily 
consulted, the results of such tests. The Committee on Tests 
has been remiss in the fulfillment of the obligation imposed upon 
it, principally because of the lack of opportunity on the one hand 
and the lack of time and means on the other, and it is hoped that 
a report of this test may be acceptable to the Society. I am also 
free to state that I believe much good would result if the capacity 
and efficiency of heating boilers were frequently tested. 

It was formerly believed that steam-heating boilers under the 
usual conditions of operation were much less economical than 
the ordinary type of power boilers, but from investigations which 
have been made it seems that the reverse is true and that a steam- 
heating boiler generating lower pressure steam and burning from 
3 to 5 Ibs. of coal per square foot of grate surface per hour with 
coal supplied at infrequent intervals, and only as needed to main- 
tain the required pressure, is fully as economical as a steam- 
power boiler generating steam of considerable pressure and sup- 
plied with coal by an expert fireman at a rate. varying from 15 
to 25 Ibs. per square foot per hour. 

The boiler tested was of a sectional type consisting of nine 
vertical sections connected to each other top and bottom. 

Two efficiency tests were made, each of which was conducted 
practically in accordance with the rules for boiler testing pre- 
scribed by the American Society of Mechanical Engineers; in 
the first test the coal burned per square foot of grate per hour 
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averaged 3.8 Ibs.; in the second case, 5.2 Ibs. Each test was 
conducted for 7.5 hours, which is a somewhat shorter period 
than is prescribed for the testing of large power boilers, but as 
the amount of coal burned in these tests was small, the relative 
errors are believed to be much less than usually occur in the 
testing of large boilers for a period of ten hours. The steam 
pressure was maintained at slightly less than 4 lbs. by gauge 
during each test. ; 

All the quantities required for determining accurately the 
capacity and efficiency were measured with instruments which 
were carefully standardized. The moisture in the steam was 
determined by the author’s separating calorimeter. 

The coal used during each test was anthracite, stove size, as 
supplied by the D., L. & W. Coal Co. This was fired in each 
case principally during the first two hours of each test. The 
heating value and analysis of the coal is appended to the results, 
as determined by calorimeter and analysis; these show that the 
coal is of ordinary quality and such as would usually be obtained 
for heating purposes. 

The economic results were equivalent in each test to an evapo- 
ration from and at 212 degrees, per pound of combustible, to a 
little over 10.25 Ibs. of water, which result will compare very 
favorably with those which could be expected from power boilers 
with the same kind of coal. 

During the test the steam was discharged into the atmosphere, 
no attempt was made to condense it and return the condensed 
water to the boiler. It is, however, quite important to express 
the results denoting the capacity of a steam-heating boiler in 
terms of the radiation which can be supplied. This may be done 
by multiplying the number of pounds of water actually evaporated 
from a temperature of 212 degrees into steam by the number of 
square feet of surface of average radiation that would be sup- 
plied per hour by one pound of steam. The average results of 
a large number of tests of cast-iron radiators indicate that some- 
what less than one-quarter of a pound of steam is condensed per 
square foot per hour or that one pound would supply, under 
average conditions per hour, somewhat more than 4 square feet 
of radiating surface. In expressing the results of the test in 
radiation, it was assumed that the square feet of radiation sur- 
face would be equal to four times the weight of steam evaporated 
per hour. 
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Each test was started with clean grates, but with the water 
previously heated, and practically as prescribed as the standard 
method in the boiler-testing directions of the mechanical engi- 
neers. In starting the fire the amount of wood recorded in the 
results was barred; in calculating the heating value one pound 
of wood was taken as the equivalent of 0.4 pound of coal. At the 
end of each test all the unburned coal was weighed and credited 
to the heater. 

Some little time after starting was needed to brighten evapora- 
tion up to the average; for that reason the results for capacity 
are given on the basis of the evaporation after the fire had been 
started for two hours, although the entire coal burned and water 
evaporated is considered in computing the efficiency. 

The following table gives the data and results of the two 
tests referred to above in convenient form for reference: 


REPORT OF BOILER TEST. 
Aug. 25, 1904. Aug. 26, 1904. 







Duration of Trial, Hours 
DIMENSIONS. 
Grate surface, length 40’, width 18” .........ccccccesccccvcccece Sq. ft. 6.2 
Heating surface... .... oe sheeasees eee 155.5 
Superheating surface.. ..Per cent. 12 
Height, chimney......... é Seebnsebbddntiinscceacunnel Feet 40 
EE 00 Ol nin. noid casmeoesadentidsscsoeddsesonste Sq. in. 64 
ee IER cc ccdcccnscaduatadaccndscs caveuash: nes penne 25 
PRESSURE. 
I cecttsaccensdddedssbeaswesieineedsiasseesed Inches mercury 29.06 29.21 
DOCG GRIGS . « cccccccccccccccecccccecesesocecccs ceeceeccscoses Pounds 3.7 3.7 
DSEEED CHORD BUORIIIG so 0c ccccccccnccccsssecce ses scccssness a 18.0 18.0 
DORE GRABS, MOET GRMIBER . o.6. 0.0000 e cccscccescccscscoccess Inches water 07 09 
TEMPERATURE. 
OIE OD,, 5.10. di0nscucccadbddscsdncenetccasiseunsenddusn Degrees F. 85 65 
SE I od ncn tncmiseedksuevccenbgunssiasuaeiagechéesnnes - 95 78 
ND 560:2 06000090 00scbsnseseedsctencsanceete seqgeeseeaens 320 318 
Rit bcctheheeeskdenheddcsdunipedenntsnauenenerel Degrees F. 68 68 
ictcince cn caccqquceestnciadaedennpencesnrensabeises > 222 222 
FUEL 
AE GOD x ccsicncrcavecdnecdcccocadisqnsetassccseonetag Anthracite 
SN « <a tile Wedhadend 64 4400 seaas shnddadéeneshiness cect D.L. & W. 
Rd paticnds gust. ccrctddereccaceesedseereeneoeesiescoagas Stove 
Ey MID n200.06cnnneccce tant cede gesiegeensses cate Pounds 162.25 224 
PT, copcvdcunethevnceceacosinnasennses dniacesséoee seus = 38 44 
I x nnn 664660 04ncsd Qincechedoncsdacensessquen Per cent. 0 0 
TOOMES. EEF COR CONSUMER, ..0.4 cccccccscccscccoccccccccccescss Pounds 177.5 241.6 
Ee I Cache cdntnncscccnsicasccassenubeoneiconcereéege ” 17.5 19.75 
- 9 RE Pe En ret ey ETT Tora Per cent. 9.8 8.7 
Cp CRRA, COE oo.sc cvcccicdecdcccsnceccccvesesensceses Pounds 160 221.8 
Per Hour. 
Es cite sia nkbds obs ¥0saddacdatbeamnasasteuesstatess Pounds 23.7 32.2 
IR onc ctnnhn dns, d cbasncesnedekesecseenees coupuesis ‘<- 21.3 29.6 
Dry coal ed i ae MU tdhaiccss dedastas dhenetcntadabien ” 3.8 5.2 
Combustible per eq. ft. of grate...........ccccccccsccccscssoce ‘2 3.46 4.78 
Quality of steam used..............0005 Aecddsasecseuscceseen Per cent. 95.3 97.4 
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ToraL WATER. 








Total weight water used . ........0...seee0e Caessosedeceosees Pounds 1,500 2,005 
Total evaporated, dry steam. ahaa os 1,440 1/960 
Factor of evaporation OPEC TET 1.165 1.165 
BR. SR TOS GE BI a so occ cctccsvicedinicscessceaneses Pounds 1,677 2,283 
WatTeER PER Hovr. 

ORE GIR asp cckecisnsrisacs NEE RT er OTT ee es --Pounds 200 267 
I I, oo tnctnadinds coacdomentbaoeriaetaneed 192 261 

BEET. GUM. TUG GRE GE TI on cic vccccnscsices seasesscscscavesseonss 224 304.4 

Economic EvAPoRATION. 
(Per pound of fuel.) 
Baa, B60 A: GIG COs os. nicecén ce. c05: cxcnnegrsepasatodatss Pounds 8.11 8.11 
Equiv. from and at 219° (Gry coal). .....0- -2_ secseccscccccccs * 9.45 9.45 
(Per pound of combustible.) 
I so visincinssdtieaicas inssecvusnsaetssenberanbenheakssne ss Pounds 9.00 .88 
Equivalent from and at 212°..........0+seeccees Peeve eee Te eee 10.48 10.28 
Horst Power. 
On basis 34} lbs. equiv. evap. per hour ............-e0ee cence: H. P. 6.5 9.7 
AveRAGEs PER Hour Excertine First Two Hours. 

WOE Oe OR a 06 asic cne sie on 5s 60006600:55665 0080050000002 Pounds 218.1 381 

Dry steam per hoas.......ccccccccccccccce-cccecccsccese cesces 5 27.4 371 

Equiv. from and at 212°..............esseeeee Sidsacededneeanun its 242 432 

Equiv. radiation ordinary Cast irOn.........eseseceeeeeeeceeees Sq. ft. 968 1,72 

Last Two Hours. 

Water nek BORE. .nccscce 6 cssaces Sach bOR0Cbses Rhaeeen the Pounds 263.5 

Dry steam per hour................ a 251 

Equiv. evap. from and at 212° % 291.5 

Bs Ce sn 0.s00 5 ot nsh0cseecanenedsens sacs tenses sens Sq.ft. 1,166 

RESULTS OF COAL ANALYSIS. 
As RECEIVED. 

I. ic icdsnrosd cans seiacedines. soc uasabinvbendan Aebaivbien hacks ensphane Percent. 2.84 
WOO CNN ccccccccsecceccecce ced c0scecdsccsceesescccoccesecescsceseses ~ 9.53 
IR, 6 k.o.n's sew ckbden0dodkessebeecdterbancdebsdihuiaes tectessdecntetetsagense 4 77.35 
Mn gb 66did ori ndinna eodpntarehtbpieaissnegdane ks gbhestentas. 60hbeks, oedbensapaeehinked i 10.38 
ts Wl cckinid ag’ cwssa0 wcae nbabetacbecdeden débdanemneensetelactaehsee: Bbemastmeal Per pound 12,485 


= Say eee eS 

















CXLII. 
TOPICAL DISCUSSIONS. 


TOPIC NO. I. 


‘‘The Relative Advantage of Low Pressure and Vacuum Systems for Small 
Work in Residences.” 


There being no discussion on Topic No. 1, President Harvey 
introduced 


TOPIC NO. 2. 


‘* The Ventilation of Tunnels, Subways and Kindred Constructions.” 


DISCUSSION. 


Mr. Cary: The matter of ventilating tunnels and subways has 
come before the public, especially in New York, since we have 
had our subways charged with noxious gases, bad air, etc. 

I was at one time connected with a tunnel investigation, which 
led to my designing a system for ventilating tunnels. 

In July, 1901, during the Grand Jury’s investigation of the 
nuisance existing in the Park Avenue tunnel between Fifty- 
sixth and Ninety-sixth Streets,in New York City, I was re- 
tained by the District Attorney of New York County as engi- 
neering expert on ventilation, and in my testimony before the 
Grand Jury, I described a system of ventilation which may 
prove interesting to this Society in the discussion of this topic. 

The greater part of the Park Avenue tunnel (as it is called) 
might be considered more as a partial subway. It contains four 
tracks, the two outer ones being placed (during the greater part 
of the tunnel’s length) in what is known as the side tunnels, while 
the other tracks are located in one “ centre tunnel.” The greater 
part of the centre tunnel has openings in its top, while the side 
tunnels are closed, excepting a series of archway openings in the 
top of the 20-inch dividing walls, separating them from the centre 
tunnel. - Thus, a part of the steam, gases, smoke and cinders 
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escape through these openings into Park Avenue and become a 
nuisance, as they blow into the adjoining houses, as was testified 
by numerous witnesses. 

Park Avenue is a broad street measuring about 96 feet in width 
from curb to curb. Through the centre of the avenue are located 
a series of parkways about 40 feet in width and slightly less than 
200 feet m length, their ends, at the intersections of the crossing 
streets, being semi-circular. In the centre of the parkways the 
openings from the centre tunnels are located, while grass and 
shrubbery surround these openings, extending to the stone cop- 
ings around their outer edge, and on these copings an ornamental 
iron fence is placed. 

Over the four tracks running through this tunnel all the trains 
passing in and out of the Grand Central Depot are run. Be- 
tween 500 and 600 trains pass through this tunnel every day, 
and at times there is but 50 seconds headway between trains. The 
average time required by trains to traverse the tunnel is about 
3% minutes when no stops are made and no delays encountered. 

The condition of the atmosphere in the tunnel and that in the 
passenger cars passing through the tunnel were investigated by 
Dr. Cyrus Edson (formerly President of the New York Board 
of Health), Dr. Chas. A. Doremus, and by officers detailed for 
this purpose by the Board of Health, and Dr. Edson in his re- 
port made the following statements : 

“In my opinion, the tunnel is the cause of a very serious public 
nuisance, affecting the health and comfort of a very large num- 
ber of persons. Each car contains less than 5,000 cubic feet of air- 
space, and, therefore, allows only about 56 cubic feet of air for 
each person. In the case of the ‘ Black Hole’ of Calcutta, 146 
persons were thrown into a room the size of an eighteen-foot cube 
at eight o'clock in the evening. The room contained a door and 
two windows. The latter were open. Each man had about 38 
cubic feet of air space, and yet by 11.15 all were dead but 26, 
most of whom later succumbed to fever. The only cause operat- 
ing to this effect was the exhaustion of the oxygen of the air. 

“On Tuesday, the 23d inst., I boarded the 5.45 P.M. train, 
which passes through the north-bound side tunnel, and the fol- 
lowing observations were taken in car No. 1024, the temperature 
of the air at Forty-second Street being at the same time 68 de- 
grees Fahrenheit. The temperature in the car at the station was 
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g5 degrees, and within four minutes the car’s temperature had 
risen to 103 degrees; while the humidity in the air in the car at 
departure was 70 per cent., it rapidly rose within four minutes to 
81 per cent. The humidity at Forty-second Street, opposite the 
depot, before the departure of the train, was 62 per cent. 

“On Wednesday, July 24, I made a number of observations 
of cars in transit through the tunnel. One was on the 12.15 P.M. 
train on the Harlem road. The temperature of the car at start- 
ing was 86.5 degrees. Within four minutes, during transit, it 
had risen to g1 degrees, and the humidity rose from 70 to 76 per 
cent. The air was very irritating and several persons were seized 
with coughing spells. On entering the tunnel my pulse was beat- 
ing at the rate of 70 per minute. At the exit it had risen to 96 
per minute. 

“On the 5.03 train for Port Chester, on the New Haven road 
on July 25th, the temperature at starting was 82 degrees and on 
exit 93 degrees ; percentage of humidity at starting 64, at exit, 98; 
the time of passing three and a half minutes. The car was lighted 
with oil-lamps, and though the seating capacity was for only fifty- 
two, there were sixty persons in it, giving less than fifty-six cubic 
feet of air-space to each one. On leaving the tunnel the windows 
were all opened, and within five minutes the temperature dropped 
to 79 degrees and the humidity to 60 per cent. 

“The temperature in these cars during the warm weather 
varies from 85 degrees to 105 degrees. I have noted a tempera- 
ture of 111 degrees, with a high percentage of humidity. The 
gases of combustion, plainly apparent to the senses while the cars 
are passing through the tunnel, are very poisonous, and in suffi- 
cient quantities will destroy animal life.” 

After a careful consideration of the existing conditions of nuis- 
ance and after studying various methods for its suppression, I 
arrived at the conclusion that mechanical ventilation was the most 
practical solution of the problem, which conclusion led me to 
submit the system described in this discussion, to accomplish the 
rapid removal of the greater part of the smoke, steam and noxious 
gases from the tunnel and at the same time providing for the in- 
troduction of an ample supply of fresh air into the tunnel. 

It will be seen that I have made ample provisions to meet the 
objections offered by those residing on that part of Park Avenue 
occupied by this tunnel, by erecting chimneys over the outlets of 
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the fans used, thus discharging the steam-and noxious gases at 
a considerable elevation above the roofs of these houses, instead 
of allowing them to issue at a level of the street (as at present). 
With the steam and gases discharged above the roof level, the 
moving currents of air found there will carry them rapidly away 
and dilute them with the surrounding air, so as to cause no more 
local nuisance than is made with the many factory and domestic 




















A SECTIONAL ELEVATION THROUGH TUNNEL SHOWING SueTION Overs, —— 
PAN, AND STACK. 


FIG. I.—VENTILATION OF TUNNELS. 


chimneys about this city, and further, these discharged gases 
will be so diluted with the fresh air supplied to the tunnel that 
they will be, at the point of discharge, far less of a nuisance than 
the gases and steam now escaping from the openings over the 
centre tunnel. 

In any system of ventilation it is a positive necessity for suc- 
cessful working to have the air enter and leave only at the points 
designed, and therefore it will be understood that it will be neces- 
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sary to entirely close the openings over the top of the central tun- 
nel, now left open, and fresh air will then have a positive inflow 
through the intake ducts provided, while the foul atmosphere is 
positively discharged through the suction openings leading to 
the fans. 

By referring to the accompanying illustrations, three sectional 
views of the tunnel will be seen, marked Figs. 1, 2 and 4, while 
Fig. 3 shows a plan view (looking down upon the parkways in 
the centre of Park Avenue). 

In Fig. 1 is shown a sectional elevation at a point about mid- 
way between Sixty-first and Sixty-second Streets, where I pro- 
posed to place the suction fan and chimney. The fan casing will 
be seen above the middle of the centre tunnel. On each side of 
the fan casing will be seen inlet air boxes, which collect the foul 
air from the suction flues, and this air is drawn from these boxes 
into the fan casing, from whence it is discharged through the 
chimney into the outside air. P 

The suction flues (discharging into these inlet boxes) are four 
in number, the suction ends of which are placed directly over the 
centre of the four tracks shown, and as I proposed to place a fan 
in the centre of each block, it will be seen that the locomotive 
smoke stack will pass under one of the exhaust openings about 
every 250 feet. 

This design includes all of the necessary flues and other parts 
entirely within the limits of the central parkway without en- 
croaching upon the adjoining street. The chimney is constructed 
of steel plates. Its top is 100 feet above the street level and it is 
7 feet in diameter. : 

I have designed the foundation of this chimney so as to form 
a house around the fan, and thus the parkway is robbed of the 
least possible amount of space. This chimney base (or fan house) 
could be built of neat architectural design, so as to avoid a dis- 
figuring effect to Park Avenue. 

Fig. 2 shows a longitudinal section of the tunnel from a point 
(at the left) just south of Sixty-first Street to a point (at the 
right) just south of Sixty-second Street, while the plan view just 
above it shows the same location (only looking down upon it). 

The three broken parts shown in these two views are sup- 
posed to be filled in between the two central breaks, so that the 
illustrations include a length of somewhat more than a block 
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along Park Avenue, and thus they show ‘the relative position of 
the inlet fresh-air pipes and the outlet flues connecting with the 
exhaust fan. 

Four inlet fresh-air pipes are placed near the north end of 
each of the parkways, and with an average distance of 125 feet 
from the suction pipes of the fan. These fresh-air pipes drop to 
a point about 15 inches above the bottom of the tunnel (to pre- 
vent water entering their lower end) where they turn with an 
outlet towards the centre of the tunnel they supply with air. With 
the two inlet pipes placed side by side, one turns its lower end 
towards the centre tunnel, while its neighbor turns its lower end 
in the opposite direction, towards the side tunnel. 

This is shown in the sectional view in Fig. 4. Owing to the 
extremely limited space in the tunnel, I arranged the fresh-air 
flues so as to fit into cuts made in the 20-inch wall separating the 
centre and side tunnels, and thus these flues extend but two inches 
into each tunnel beyond the surfaces of the present walls. Pro- 
vision can easily be made to carry the roof beams of the tunnels 
on structural steel work where these flues are placed. 

The upper ends of these fresh-air ducts extend about 7 feet 
above the level of the street (inside of the parkways), and I pro- 
posed to cover them with ventilators designed to keep out rain 
or snow. 

To obtain a constant supply of fresh air as pure as that outside, 
when trains were passing the tunnel every fifty seconds, would 
require an unreasonably large outlay, and as air of such purity 
is not obtained in the best ventilated buildings, we should not 
expect to have it in this tunnel. 

The amount of carbonic acid found in the air is generally taken 
in ventilation work as the index of its purity, and what is com- 
monly considered as pure country air ordinarily averages about 
4 parts per 10,000 of carbonic acid. Eight parts per 10,000 of 
carbonic acid is commonly considered as a standard of purity in 
the ventilation of buildings, while in this tunnel should the car- 
bonic acid present occasionally reach 12 parts per 10,000, no 
serious inconvenience would be experienced by the passengers, 
and therefore taking twelve parts per 10,000 as a maximum al- 
lowance, with fans of sufficient capacity to exhaust all the air 
from this tunnel every two minutes, this result could be obtained. 

I have included such a fan in my design, which is 12 feet in 
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diameter, to be run at 120 revolutions per minute and requiring 
40 horse-power to operate it. 

Forty fans of this size (necessary for the complete equipment 
of this tunnel) would therefore require 1,600 horse-power. 

I proposed to operate all these fans by electric motors, connect- 
ing every alternate fan to a separate circuit, each of the two cir- 
cuits being supplied with a current from separate engines and 
dynamos, so that in case anything should happen to the machinery 
connected to one circuit every second fan would still remain in 
operation. 

I proposed that these important wires be placed in subways 
along the street, so as to guard against breakage due to wind, rain 
or sleet storms or the operations of the fire department, and I 
further provided duplicate reserve circuits connected with the 
Edison Illuminating Company’s system, so as to guard against 
any possible accident or breakdown at the power house. 

There are many mines now in operation depending entirely 
upon their mechanical ventilation for the lives of the miners, and 
the accidents due to stoppage in their ventilating system are un- 
heard of in the modern well-equipped plants, and no mine has 
ever been so amply equipped with ventilating apparatus as this 
tunnel with the equipment offered in this design. 

Should any one fan be stopped you will doubtless notice that 
there will still be left free openings to the atmosphere (through 
the ventilating exhaust ducts, the fan and the chimney). This 
will always be a free passage to the outside air whether the fans 
are running or not, and the warmer air in the tunnel will pass 
constantly up the chimney when the fans are not in operation, as 
the hot gases from a furnace pass up the chimneys they are con- 
nected to. 

Returning now to the power required to operate these- fans. 
We have seen above that 1,600 horse-power is required at the 
fan shafts. Allowing 27 per cent. for losses, we would therefore 
need a central power plant with'engines delivering 2,200 horse- 
power to operate our fans, and this is only a little more than 
double the power developed by the locomotive drawing the Em- 
pire State Express when travelling at the rate of 70 miles an 
hour. 

According to estimates, carefully prepared, the cost of installing 
this system with all fans, chimneys, exhaust and inlet air ducts, 
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including power house with its complete equipment, electrical in- 
stallation, tunnel alterations, and everything exclusive of land 
required for power house, would be but $1,084,000, which is far 
below the cost of any other proposed remedy worthy of con- 
sideration. 

This system of ventilating tunnels is by no means untried or 
new, as you can find the description of a similar method in the 
English paper, Engineering, of April 21, 1871, where Mr. Rams- 
bottom (a well-known English engineer) describes the mechanical 
ventilation of the Liverpool tunnel of the London and North- 
western Railway. 

This tunnel is about a mile and a quarter long and has a sec- 
tional area of 430 square feet. The ventilation is effected by the 
use of a single fan 29 feet 4 inches in external diameter, and 7 
feet 6 inches wide, placed in a shaft 175 feet high and 23 feet in 
diameter. With a speed of 45 revolutions per minute this fan 
cleared the tunnel of smoke and steam in about eight minutes, 
discharging about 431,000 cubic feet per minute. 

The Park Avenue tunnel is about two miles long and has a 
total sectional area at the point shown in the accompanying draw- 
ing of 841 square feet. 

The proposed ventilation, according to my design, is to be 
effected by 40 fans 12 feet in diameter and 6 feet in width, and 
these fans, with a speed of 120 revolutions per minute, will have 
a combined discharge capacity of 4,120,000 cubic feet per minute, 
almost ten times the capacity of the English fan, whereas the size 
oi the Park Avenue tunnel is only about three times the size of 
the English tunnel. 

Another most important difference between the Park Avenue 
tunnel and the English tunnel is that the fresh air supply had 
half the length of the tunnel to travel before reaching the dis- 
charge fan, while by my proposed method the fresh entering air 
is admitted every 250 feet, and the foul air also has a chance to 
escape every 250 feet. 

By this system it will be seen that its first cost will be less than 
any change in motive power for hauling trains through the tun- 
nel. Its cost of operation and maintenance will also be less and 
the time required for its complete installation will be very much 
less than any other change that has been suggested. 

The only way to collect the air into one fan from a number of 
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different openings is to place a suction box outside the fan, and 
from the box you can carry a number of pipes in different direc- 
tions and get good results, which is the plan I have used in this 
case. 

Mr. Barwick: Did Mr. Cary note the effect of cold air on the 
exhaust steam from the engines, from the cylinders and from the 
smoke stack? 

Mr. Cary: The steam exhausted from the engines goes through 
the stacks, which is usual with locomotive engines, for the pur- 
pose of inducing draft in the furnace. As far as the effect the 
cold air had upon it, the principal effect observed and pertinent 
to the case was during clear, dry days when the steam vapor 
would rise, as the air, of course, was heavier at that time, and 
pass out of the tunnel. When the air was highly charged with 
moisture the steam would hang down in the tunnel and lie down 
there as you will see a fog hanging over the surface of some lake. 
They could not get it out. The tunnel was filled with this vapor 
and it was difficult for the engineers to see a light twenty feet 
ahead of the locomotive because of it. 


TOPIC NO. 3. 


‘* Grate and Heating Surface and their Relation to Space and Exposure in 
Furnace Heating.” 


Professor Carpenter: It strikes me that some years ago Mr. 
Chew took up this subject. He can probably give us more in- 
formation on this subject than any one else here. 

Mr. Chew: We did print some time ago relative proportions 
of different parts of heating systems in different parts of the 
United States, going as far West as Oregon, up in the north- 
western part. I regret that I haven’t them as closely in my mind 
as I would like to have in order to give now what we printed 
then. There does exist in furnace heating, as in any other thing 
in the mechanical line, some relative proportion of the various 
parts. One square inch of grate surface should be provided for 
about one square foot and a half—not far from that—of equiva- 
lent of glass surface, for furnace heating in residence work. 

In the past I think the furnace men have gone too much on 
the rule of thumb, and haven’t taken into consideration all the 
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important points. They have figured on the cubical contents of 
a building rather than the heat-losing power. And I am glad to 
see that there seems to be a movement in the direction of furnace 
men designing their work on the basis of equivalent glass surface, 
considering the exposure at the place where the heat is lost, in- 
stead of saying one square inch of area in the hot-air furnace pipe 
will heat twenty-five cubic feet of space in the northwest room, 
on the third floor, or thirty cubic feet in the southeast room, on 
the ‘irst floor, or thirty-five to forty cubic feet of space in the 
rocms with one side exposed. When it comes to heating large 
rooms, like churches, the relative proportions are much different. 
I cannot give the correct proportion there, but it will vary from 
one square inch of area in the hot-air pipe to something like 
eizhty to one hundred cubic feet of space. These approximate 
figures 1 remember, but more than this I haven’t at the present 
time. I forget what the relation was of the heating surface ex- 
posed in the furnace as compared with the grate. +4 

There is one other point in connection with all this. You can 
say one inch of grate area is the equivalent of one and a half 
square feet of glass surface, but, if you don’t know how much 
coal was burned, the type of construction, whether a direct draft 
furnace or an indirect draft furnace, the value of good construc- 
tion is lost sight of. I am satisfied that with a good construction 
of furnace very much less coal will be burned with one square 
inch of grate area taking care of one square foot of glass surface 
—or something of that sort. However, from memory, and in 
the absence of information, I am not in a position to give more 
reliable figures. 

Mr. Kent: Can you tell us if any furnace builders fow publish 
a statement of the heating surfaces of furnaces—if there is any 
standard method by which any man can measure the heating sur- 
face and find out what it is? 

Mr. Chew: I don’t think I ever saw a catalogue giving the 
heating surface except one. As to the method of measuring, I 
think that is an approximation rather than a measurement. 

Mr. Kent: In conversation with Mr. Richardson a year ago, 
I mentioned this trouble of getting certain rooms warm. He 
said: “ You will have no trouble if you take a return flue from 
that room and carry it to your furnace.” What surprised me 
about that statement was that I never heard it before. To-day 
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is the second time I have heard the idea. -I would like to hear 
more on that subject. It strikes me as a reasonable and sensible 
idea. It is in this paper we have had to-day about return flues. 
I think it is going to be a great improvement in hot-air furnace 
heating. 

In connection with this, I want to say I had in my house some 
years ago a first-rate heating furnace, which burned a great deal 
of coal and would not keep the house warm. A relative of mine 
had a house fully as much exposed and no better built. He 
burned less coal and had no trouble. His furnace was not quite 
as big as mine, and I came to the conclusion it was not altogether 
the furnace, but was the circulation of air through the pipes in 
the house. I then got a better system of circulation by putting a 
register in the hall, with a return pipe leading into the cold air 
duct through a Y branch and had better results. 

Mr. Lyman: Let me say that method of returning air is very 
commonly employed in New York State. All through the north- 
ern section of New York it is a customary method, in connect- 
ing with the hot-air furnace, to take one, two, three or four re- 
turn pipes from the rooms, especially the rooms hard to heat— 
against a northwest exposure, and carry them back to the furnace. 
Especially take a room that is tight, which has no fireplace or 
that has tightly closed doors, it is the commonly accepted method 
to take a return flue of almost the same size as the heat pipe and 
carry it back to the furnace, when the heating will be perfect. 

The furnace manufacturers are as anxious to build high grade 
goods as are the boiler manufacturers. Further than that, the 
question of installation is just as important in warm-air work 
as in steam or hot water, and there are warm-air heating engi- 
neers taking as much pains to see that that work is as properly 
installed as are those who are installing hot water and steam 
heat. 

Regarding the proper proportioning of a warm-air furnace, 
there come, I presume, to every manufacturer a great many sug- 
gestions regarding construction, which would increase the rela- 
tive proportion between the heating surface and the grate sur- 
face, but you must bear in mind that anything which complicates 
an apparatus, even if placed on the market by a skilled engineer, 
immediately opens up a serious difficulty. The highest priced 
and most expensive furnaces made are the ones with which the 
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manufacturer has the most difficulty, simply because conditions 
of chimney draft, conditions of circulation and conditions of oper- 
ation cause trouble. With the cheap work there is very little 
trouble or complaint. It is on the high grade work that the com- 
plaints come through the contractor back to the manufacturer. 

Mr. O’Neil: I have had some experience along the lines just 
spoken of by the gentleman. I have found it almost impossible 
to get buildings perfectly tight. Indirect heating, steam and hot 
water are practically the same as with hot-air heating. You have 
to provide a circulation to get good results, and all engineers at 
the present time recognize that fact and provide some means for 
circulating the air, providing for each apparatus under different 
conditions. The idea of circulating air from the room back to 
the furnace is not a new one by any means. Fifteen or sixteen 
years ago they obtained very satisfactory results. In some in- 
stances, where I have found the furnace furnishing the heat not 
doing the work satisfactory, I have made a return back to the 
cold-air box, and obtained results whereby in some instances there 
would be a saving of five to ten per cent. in fuel. 

In heating large halls, churches or theatres, and such buildings, 
I always provide for taking the air out of the room and returning 
it when no other means of ventilation is provided. I cannot see 
why there should be any fault found in that direction, because 
heating with direct radiation you are simply reheating the air in 
the rooms constantly. 

I once had an experience in heating a large house with indirect 
steam, the contractor guaranteeing to keep every room in the 
house to 70 degrees when the temperature outside would be zero. 
When he came to test the apparatus the doors were closed, and 
he found he could not raise the temperature more than five or 
six degrees, but after opening the doors he finally raised it four 
or five degrees more. He afterwards removed some of the fire- 
places in the halls and sitting-rooms, and they had no trouble at 
all in heating the building to the required temperature. 

Mr. Bolton: It is notorious that if you go to a shoemaker you 
find his children with poor soles to their feet. If you go to a 
heating engineer’s house, you would likely find a poor heater. I 
happen to occupy one of a row of houses, built exactly alike, and 
in which the heating furnaces were applied under the same con- 
ditions. It was the experience of my neighbors and myself that 
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we could not keep the houses warm. Last year I undertook to 
take care of the heater myselfi—and I imagine that is the best 
course a heating engineer can go through. I could not keep the 
house warm. I made an investigation and found the furnace put 
in was proportioned one square foot to seventy cubic feet of the 
contents of the house, and I found the hot-air pipes were placed 
as nearly horizontal as could be made. I dug a hole twenty inches 
deep and dropped the furnace into it and gave the pipes greater 
pitch, with the result that I didn’t have to use anywhere near as 
much coal, and the house is heated with the greatest ease. 

As regards the circulation of air from the interior of the house 
to the furnace, that is accomplished, in the domestic life of the 
engineer, by leaving the cellar open. The methods so far applied 
are likely to be imitated by all my neighbors. 

Mr. Oldacre: Relative to the remarks of Mr. Kent, two years 
ago I took occasion to look over a heating plant in Canada 
at a time when the temperature was anywhere from Io to 36 
degrees below zero. The gentleman took me into the house and 
started in to explain how the apparatus was installed. The 
lady of the house was there at the time. She commenced by 
saying: “ Don’t you know, Mr. So-and-so, we have had these 
circulating pipes disconnected and we have had fresh-air ducts 
put in from outside, because it would not work until you did?” 
She claimed it would not heat the house at all with the circulating 
system. 

I would like to ask this question of either Professor Carpenter 
or Mr. Kent: What would be the effect on the air of the roonis 
of a house as regards humidity, with the circulating system or 
with a system where the air is taken entirely from the outside; 
that is, would there be a higher relative humidity of the air, or 
a lower relative humidity of the air? 

Mr. Kent: It would depend on the humidity out of doors. 
If the air in the house is of a certain humidity at 70 degrees 
Fahr., and that air is circulated around and around, the humidity 
would remain constant. Let some of that air out and take in air 
from out of doors that contains a smaller quantity of moisture 
per cubic foot or pound of air, then we would get less humidity. 
If the air out of doors contained more water per pound, we would 
have more humidity. It would depend on the conditions out of 
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doors. With the temperature at zero, it would carry little mois- 
ture. Conditions vary from time to time. : 

Mr. Oldacre: What I meant was, taking two plants under the 
same conditions—one the circulating system and the other with 
the air from the outside—with the same outside conditions as 
regards humidity of the air, and we will say no vapor pan. 

Mr. Barron: The ordinary furnace, the ordinary heating boiler 
-—commercial boiler, speaking generally—usually have but half 
the heating surface or grate surface that power boilers have. The 
average heating boiler has four feet of prime surface and sixteen 
feet of flue surface, twenty feet of surface to a foot of grate. The 
reason the furnace men and the heating boiler men won't disclose 
how much heating surface they give to a square foot of grate is, 
they know the surface is so inadequate they don’t want to dis- 
close it. We know heating boilers burn more coal in proportion 
than power boilers. 

Mr. Oldacre: I take exception to what Mr. Barron has said in 
this regard. Most of the manufacturers I think are perfectly 
willing to give data, but it is a lot of work to measure up different 
boilers and furnaces when you have lots of them, and you don’t 
want to stop and do it. I know that is a fact. 

Mr. Bolton: It is hoped the manufacturers will make some 
arrangement by which the moisture can be added in some way 
other than the present water box. I have spoken to a gentleman 
who tried the experiment of introducing water at the register. 
He placed a pan there and had some pieces of string and cotton, 
a capillary arrangement to draw the water up across the line of 
air resultant. He found he evaporated ten times as much water 
into his house as he had with the previous arrangement of the 
water box, and he maintains he is better off. I explained to him 
if he introduced too much the paper would drop off the walls, the 
furniture would become unglued, and, possibly, his family would 
fall sick. He, however, maintains that as soon as this apparatus 
stops and he goes back to the water box as a supply of humidity 
he can taste the feeling in his mouth. (Laughter.) 

Mr. Chew: Not that I think the President needs any defence 
whatever, but I will say I submitted this topic because there are 
fewer data existing in reference to the relative parts of hot-air 
furnace work than to any other system of heating extant. I 
think and know that the work of this Society to the present time 
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has led furnace men in all parts of the country to become more 
systematic. They are studying furnace work along scientific 
lines, and the Society is entitled to no small amount of credit 
for it. Yet the data which Professor Carpenter asked for a while 
ago, and which Professor Kent has been interested in getting, 
have not yet been furnished by members to the Society. I do 
not think there is any trouble except that furnace men have not 
been accustomed to measuring houses like steam men do. They 
say a ten-inch pipe will do for this room, etc. It has been done 
too much on the thumb rule plan, and a set of statistics is what 
the steam or hot-water man wants, to successfully take up hot- 
air heating. 1f he has not had experience with furnace work 
and with the meagre information available, he would have to 
work pretty hard to find the relative proportions. 

The object of this topic is to eventually provide the archives 
of this Society with information that will enable the hot-water 
man and the steam man to go into the furnace business and make 
no mistake. 


TOPIC NO. 4. 


‘*The Requirements of House-Heating Boilers Using Bituminous Coal.” 


Mr. Cary: The requirements of all house-heating boilers are 
the same whether they are operated with anthracite coal or with 
bituminous coal. 

I have found in many cities of the West in the finer residential 
sections that the problem of burning bituminous coal economically, 
satisfactorily and without smoke has been dodged, and coke has 
been substituted as a fuel for the various fires in houses in order 
to prevent such neighborhoods from becoming fouled with smoke. 

The house-heating boiler is quite a different proposition from 
that found in power-houses where a fireman is in constant at- 
tendance to frequently stoke and keep clean the fires under the 
boilers. In private houses the boilers must be attended frequently 
by the servants or else the so-called “ furnace or handy man about 
the place,” and as these employees have many other duties to 
perform, they cannot constantly stand over a fire and give it the 
attention required for the use of bituminous coal on ordinary 
grates, and, therefore, the bituminous coal house-heating boiler 
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should, in the same way as anthracite fires, be stoked and cleaned 
at infrequent intervals, and between such intervals such a fire 
should take care of itself in such a manner as will produce satis- 
factory results, both as to properly heating the house and with 
the combustion constantly continuing without the production of 
smoke. 

As most of these present doubtless know there is no trouble in 
handling anthracite coal fires in a manner to meet the above re- 
quirements, as the fires can be cleaned in the morning and a suffi- 
cient amount of coal placed on the fire bed to supply sufficient heat 
until the middle of the day, when a second coaling will carry the 
fire through until night, at which time the fire may be cleaned 
and a sufficient amount of coal be again charged to continue the 
fire until the next morning, when it is cleaned and coaled. 

The process of combustion with bituminous coal is altogether 
different from that of anthracite, as anthracite. when heated to 
its ignition temperature will take fire and under proper con- 
ditions it will continue to burn directly upon the grates from the 
pure carbon (which is the principal constituent of anthracite coal) 
into carbonic acid or carbonic oxide. I wish to emphasize the 
fact that the combustion of this coal commences and is entirely 
completed directly upon the grates. 

The combustion of bituminous coal instead of being a one- 
stage process, as I have just described, is a two-stage process. 
The coal consists not only of a certain amount of fixed carbon 
(the same as is contained in the anthracite), but it also contains 
a very considerable percentage of what is known as volatile mat- 
ter, composed of gases, mostly combustible. 

When bituminous coal is thown upon a hot fire bed the first 
thing to happen is the “ distilling off” of the volatile matter 
which arises into the combustion chamber and is burned there 
as a gas while the fixed carbon remains behind upon the grate in 
the form of a coke, where it burns directly into carbonic acid and 
carbon monoxide, the same as the anthracite coal. 

From what I have just said, it will be seen that not only must 
we provide a grate to burn our fixed carbon upon, but we must 
also provide a proper chamber above or beyond the grate in 
which to burn the gaseous matter which is “ distilled off ” from 
the coal. The gases composing this volatile matter are principally 
hydrocarbons, and it is an observed fact that the hydrogen will 
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unite with the air and burn at a lower temperature and with 
greater rapidity than the carbon, and if there is present only a 
sufficient amount of air to combine with the hydrogen and not 
enough to satisfy the carbon, which two gases compose the hydro- 
carbon gases, the hydrogen may alone be burned, the result of 
which combustion is a vapor of water or, more properly speaking, 
superheated steam, while the carbon will be thrown down in the 
small, troublesome flecks of soot, which will be carried away in 
the cloud of steam caused by the burning of hydrogen, and thus 
the color is given to the smoke. 

The combustion of these hydrocarbon gases may either be 
suppressed or else may be made incomplete by chilling these vola- 
tile gases as they arise from the fuel bed below what is known 
as their ignition temperature. Every gas has a certain tempera- 
ture at which it will ignite, take fire and burn, and below this 
temperature no combustion can take place. Again, if these gases 
be raised to their ignition temperature, then if they be suddenly 
chilled below the ignition temperature the combustion will be 
incomplete, and smoke and waste of fuel will follow. 

In order to prevent the chilling of these gases below their igni- 
tion temperature before they are completely consumed, it has 
been the practice in large power plant boilers, where coal carry- 
ing a large percentage of volatile matter is used, to surround the 
furnace and combustion chamber with a mass of fire-brick, which 
fire-brick becomes highly heated during the process of combus- 
tion, and the gases as they rise from the coal are maintained at 
or above their ignition temperatures by the surrounding hot walls 
until the combustion is completed. 

Besides these requirements, you will of course understand that 
it is necessary to provide means by which the oxygen contained 
in the air shall be brought in intimate contact with the volatile 
gases and thoroughly mixed with them, as if this intermixing is 
not properly done there will be a large percentage of the mole- 
cules of combustible gases carried out of the furnace and un- 
consumed. 

The above consideration gives us a general idea of the different 
conditions presented by the use of the two grades of fuel, anthra- 
cite or coke on the one hand and bituminous on the other. 

Now, to sum up the requirements of the general design of a 
house-heating boiler to handle bituminous coal satisfactorily, we 
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must in the first place have a boiler which. is designed to allow 
a firing at infrequent intervals, say two or three times during the 
twenty-four hours. 

Second.—This boiler must continue to burn this coal slowly 
and perfectly, so as to produce no smoke. 

Third.—It must be designed in such a manner as to discharge 
its volatile gases from the furnace into a hot fire-brick mixing 
chamber before these gases have time to be chilled below their 
critical temperature of ignition. 

Fourth.—This boiler must be provided with a runway in its 
combustion chamber of sufficient length to allow the gases to be 
completely consumed before they reach the chimney. 

Fifth—These burning gases must be brought in contact with 
the heating surfaces of the boiler, so as to be properly cooled to 
a low temperature before they are discharged into the flue outlet 
leading to the chimney. 

Sixth.—The interior of the boiler must be so designed as to 
have no pockets or horizontal lodging places for soot and ashes, 
which will be carried from the fire along with the furnace gases 
and deposited upon it or in such objectionable spots, and it is 
well for me to call attention at this point to the fact that a coat- 
ing of soot upon the heating surface will interfere very materially 
with the transfer of heat to the interior of the boiler, and, there- 
fore, this must not be allowed to occur to any great extent. 

Seventh.—The boiler should be so constructed as to not make 
it necessary to clean the boiler frequently. 

The above requirements for a house-heating boiler pertain 
more especially to the requirements for combustion, but aside 
from these requirements, of course, the boiler parts must be sim- 
ple and not easily put out of repair, its construction and design 
must be such as to stand the hard usage to which heating boilers 
handled by incompetent boiler tenders are subjected. It should 
be easily manipulated as far as stoking fuel is concerned, and 
also as regards means for getting rid of ash and clinkers. All 
parts should be readily accessible for cleaning and repairs, and 
it should be proportioned for the work to be done and capable of 
working to its fullest capacity with the highest economy. 

There are other minor conditions which might be mentioned, 
but I will not attempt to continue this list further, as I believe I 
have pointed out the principal requirements. 
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TOPIC NO. 6. 


** Methods of Heating Large Bodies of Water for Public Baths and Industrial 
Purposes, by Steam or Otherwise.” 


Mr. Blackmore: I do not think that is a matter that needs a 
great deal of discussion. The heating of hot water is pretty much 
like hydraulics—it has gotten to be a fixed science. 

It is unfortunate, however, that the simple laws which govern 
these things are not more appreciated among the architectural 
fraternity, for mistakes made in furnishing hot water are largely 
made through that source. It really is a very simple problem— 
the heating of water. It is so simple that most architects—and 
some of our profession—overlook it and provide inadequate 
boiler power. The heating of swimming pools and hot water 
for domestic purposes has grown to be a large business. 

Some questions might be taken up and considered by the Com- 
mittee on Standards, in the way of formulating approximate 
grate surface and heating surface for an apparatus for heating 
a given quantity of water, but I am not sure that is necessary. 
Among the manufacturers of heating apparatus, that subject 
seems to have been neglected so far as providing data for archi- 
tects to go by, but since the profession of mechanical engineers 
has developed as it has within the last five or six years they are 
taking care of that part of the business in pretty good shape. 

Mr. Kendrick: Of course, I do not know who the party was 
who proposed that Topic. If it was information he was seeking 
along these lines—of course, I don’t wish to be egotistical or any- 
thing of the kind—but I refer him to the issue of March 6, 1897, 
of the Engineering Record, which covers a job installed by my- 
self, which I think will give him details very thoroughly, and 
perhaps some information. I will state for the benefit of you, 
there were 70,200 gallons of water to be warmed. 

Mr. Cary: In discussing Topical Question No. 6, I wish to 
present a very simple and effective apparatus for heating large 
bodies of water in public baths and tanks of all kinds. 

It consists of a very simple ejector, which is here illustrated. 
The steam is introduced into the space enclosed by two annu- 
lar rings, which are placed in the centre of this ejector, con- 
centric to its outer circumference. 
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As the steam issues from the annular space, it forms a 
cylindrical steam jet, which steam rushes through the centre 
of the apparatus at a high velocity, and in doing so it draws 
with it a body of water through central and outside open- 
ings, inside and outside of the ring with the annular space, and 
in this way it projects the water for some distance beyond its 
mouth or opening into the tank, thus causing a violent circula- 
tion of water to take place. This.arrangement enables the great- 
est quantity of liquid to be heated with practically no noise at 
all, as a thin sheet of steam comes in immediate contact with a 
large body of water, condensing it very rapidly. 

In cases where water in a long tank is to be heated it is cus- 
tomary to screw a length of pipe into the inlet end of the water 
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heater, so as to draw in the cold water near one extreme end of 
the tank and discharge it with the steam at the opposite end of 
the tank, and in this way, by the rapid circulation - produced 
throughout the whole body of water, a very uniform temperature 
of the liquid is obtained in a very short space of time. 

To illustrate this point, let us consider the apparatus having 
a 4-inch steam pipe connection and a 14-inch cold water inlet. 
Such an instrument will raise the temperature of 100 gallons of 
water 50 degrees in 3 minutes. 

By taking a larger heater having a 1-inch steam pipe connection 
and a 2'%-inch cold water inlet, too gallons of water will be 
raised 50 degrees in temperature in one minute. 

Mr. Kenrick: What pressure of steam? 

Mr. Cary: Eighty pounds. 
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Mr. Kenrick: Were these placed on the inside of the tank? 
Mr. Cary: Submerged entirely in water and a few inches above 
the bottom of the tank. 
Mr. Kenrick: Isn’t there a possibility of the bathers getting 
burned ? 
Mr. Cary: I have not applied it to a tank for that purpose. 


TOPIC NO. 9. 


‘* Proportion of Grate Surface Required for Different Fuels.” 


Mr. A. A. Cary: The combustible portion of anthracite coal 
consists practically of fixed carbon, which is burned directly upon 
the grates, while with bituminous coal, which may, for this illus- 
tration, be considered as consisting of fixed carbon and volatile 
matter, the former burning directly upon the grate bars (the same 
as the anthracite), while the volatile matter burns as a gas above 
or beyond the fire bed. 

Thus, supposing we are able to burn anthracite coal at the 
rate of 15 pounds of fixed carbon per square foot of grate, and 
then, with the same draft and furnace conditions, we use bitu- 
minous coal consisting of 50 per cent. fixed carbon and 50 per 
cent. volatile matter. We should then (roughly speaking) be 
able to burn twice as much bituminous coal as we formerly 
burned when using anthracite, as no more fixed carbon would 
be burned per square foot of grate per hour with this amount of 
bituminous coal. 

Of course, we must provide larger combustion chambers when 
using coals carrying volatile matter than when using anthracite, 
to provide for a proper combustion of the gaseous matter, and 
the combustion chamber must be properly designed to maintain 
the ignition temperature of the gases until they are entirely 
consumed. 

I have not, thus far, taken*into account the ash, which is a 
very important factor in the furnace, clogging the air passages 
through the fuel bed more and more as its percentage increases 
per pound of fixed carbon contained in the coal. 

The President: We had a paper from Professor Carpenter, 
in which he spoke of four pounds of coal to each square foot 
of grate surface. Mr. Cary said he knew of 40 pounds being 
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burned to the square foot. It required ten times as much grate 
surface in the one case as the other. 

In regard to bituminous coal, they are getting good results 
in ordinary boilers with from 15 to 30 pounds of coal per square 
foot of grate surface, per hour, and in locomotive practice over 
100 pounds per square foot per hour. The proportion of grate 
doesn’t depend on the quality altogether, but on the capacity 
for burning coal, and usually on the necessity you have for 
burning it. If you have only so much real estate to put grate 
surface on and have to burn so much coal, you will put in a 
forced draft. In house heating they burn four pounds of coal 
per square foot per hour. The question really cannot be an- 
swered as a general case, but each case has to be considered by 
itself. 

I will say I had occasion to design a furnace recently for 
burning lignite in Texas. I wanted as much surface as I could 
get, twice as much as the ordinary tubular boiler has, and also 
shaking grates to be able to handle the ashes. I am sorry to 
say the furnace was never tested, but I hope to hear of its being 
tested before long. 


TOPIC NO. I0. 
‘* The Extension of the Work of the Society in Special Fields.” 


Mr. Barron: My suggestion is this: That we have certain 
sessions which will in a measure be power sessions. That would 
attract power engineers to the Society. I think our attitude of 
keeping exclusively to our own field is right. I think power 
questions legitimately come into heating and ventilating. We 
have a number of engineers among our members who are ex- 
perts in power work. There is this about it, the heating engi- 
neer doesn’t care to join any other engineering society. He 
comes in here and pays his dues to the Society, and for that 
small sum is entitled to have that particular question being dis- 
cussed. I do not think by going outside our field we can increase 
the usefulness and strength of our Society. Practical men, 
heating and ventilating engineers, as well as power engineers 
and consulting engineers, will be attracted to us, knowing such 
questions can be brought forward here as well as in other 
societies. 
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Mr. Chew: That Topic was suggested with the idea of se- 
curing the attention of men identified with central station heat- 
ing systems. The engineer at a power station is a power engi- 
neer and a heating engineer in another sense. 

Mr. Barron: If you will allow me, I want to say a few words 
more. We have to draw the line somewhere. We have drawn 
the line closely and certain questions have been excluded. | 
have thought we could attract a great many sanitary engineers. 

If we had a session where we discussed sanitary subjects and 
their relation to heating and ventilating, it would be a good thing. 
We have members who are sanitary engineers, and are inter- 
ested, and we might increase the membership that way. 

The President: I think the Society could take up bacteriology 
so far as it refers to heating and ventilating. If we can kill bac- 
teria by heating and ventilating, then that problem belongs in 
our Society. Anything belongs to our Society that comes in 
line with heating and ventilating. If an engineer desires a con- 
denser for a Corliss engine or something of that kind, he should 
go to the Mechanical Engineers’ Society and not here. It is 
well to concentrate our minds on one thing. We have a right 
to take up any science so far as it bears on our work, but not so 
far as it bears outside. 

Mr. Quay: You say draw the line, but the question is, we 
have to have steam in buildings, and we have to consider the kind 
of boiler. It seems to me we should not go outside our legitimate 
line. This Topic about boilers I do not think it is necessary to 
discuss. 

The President: I do not think we have made any rule on the 
subject. A member presents a paper and the publication com- 
mittee accepts the paper because it is short of papers. I do not 
think any rule has been drawn nor is likely to be drawn very 
soon. 


TOPIC NO. II. 


‘* The Increased Efficiency of Heating Apparatus Using a Fan.” 


The President: In one of the volumes of our Proceedings 
there is an account of a saloon keeper who added a little elec- 
tric fan—blower—along-side the radiator, and made an efficient 
ventilating system. There is no question at all about increasing 
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the efficiency of a heating coil or an apparatus of any kind by 
using a fan. But perhaps we can have some additional infor- 
mation that will add to our reports on that subject. 

Mr. Quay: I had a little experience in that line with a small 
entrance to a dry goods store. By putting up a fan—a small fan 
—to blow the air from the register into the entrance, we got good 
results. The radiator could not possibly have heated the vesti- 
bule without the use of the fan. 

Professor Carpenter: I made a number of tests, showing the 
amount of heat given off from a radiating surface due to increase 
in the velocity of the air moving over it. I found that the heat 
transmission varied with the velocity and averaged much more 
when the fan was used than when it was not used. (See fourth 
edition of “ Heating and Ventilation.”) 

The President: I would like to ask Professor Carpenter if he 
says that a heating surface will give out 250 B. T. U. per sq. ft. 
of radiating surface, per hour, at a temperature of 70 degrees, 
or something like that without a fan? 

Professor Carpenter: I do. Without a fan and with cast-iron 
radiating surface. About three to five times that when a fan 
is used. 

The President: If you use a blast you might double it, or use 
a stronger blast up to five times that. 

Professor Carpenter: That is the idea; yes. 


TOPIC NO. I2. 
‘* The Attitude of Engineers to the Society.” 


Secretary Mackay: I think that is a thing that will work 
out its own salvation. When this Society was first organized 
there were men looked upon as ideals in this profession. We 
went to see them, as suggested, and they said, in the first place, 
there was no place for this Society at all; it was fully covered 
by the mechanical engineers and others, and they would not 
come to us. We suggested that some come in and we would 
make them officers, and held out all sorts of inducements, but 
they kept away. I think the only thing we can do is to keep on 
along the same lines and make our Society the society of heat- 
ing and ventilating engineers of the world, then those on the 
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outside will want to come in, no matter how big they are in 
their own opinion or the opinion of others. If we keep on in- 
creasing in membership, there will be a time when the man who 
is outside of our ranks, studying our profession, will want to 
be with us and of us. 

Mr. Quay: This meeting is an indication of it. I am happily 
surprised to see the size of the Society and the interest taken. I 
cannot express my appreciation of the Society. Being inter- 
ested from the start, I feel that the Society is doing a noble 
work. We want to make it so interesting and so strong that 
outside people will want to belong. 

Mr. Barron: Mr. Mackay has expressed the views of all our 
membership, that when we become of value to the engineers 
outside they will come in. That question will settle itself. We 
should not make any effort to change from our present attitude. 
Last night, when looking around among the gentlemen at the 
dinner, I thought it was truly a representative gathering of heat- 
ing and ventilating engineers. I say an engineer should be an 
authority in his line of work and should be a progressive man; 
in other words, a full-fledged and valuable citizen. There were 
at least ten or twenty men of that type, as high a type of citizen 
as anywhere in the civilized world. I don’t think we need to 
change our attitude. The other gentlemen will change their 
attitude in a short while. 

The President: I think there is a class of men in this country 
whom it is most desirable that the Society should get than these 
big heating and ventilating engineers who have held themselves 
aloof from us, and that is the young men, some of whom I saw 
last night at the meeting and others this morning, the young 
men of twenty-five to thirty-five years of age who are actively 
engaged in studying the profession with heating and ventilating 
concerns, many of them technical graduates. They are the men 
who are going to make the Society for the next ten or twenty 
years. They will come in in‘larger numbers. The old men are 
few and some will die before long, and these other men are going 
to be the real, good members of the Society. I hope each of you 
will try to bring in a number of this kind. I met one young 
man to-day, and said to him: “I would like to appoint you on 
a committee.” He said: “I am not a member.” I said: “ It is 
high time you were.” That is the kind of men we ought to get 
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in, young, active men, willing to debate.and read papers and 
work on committees. 


TOPIC NO. 13. 
‘* Indoor Humidity.” 


Mr. Feldman: Dr. Henry Mitchell Smith read a paper before 
a Brooklyn Medical Society on “Indoor Humidity.” He has 
conducted a series of tests with reference to humidity and tem- 
perature, and a few extracts from that paper giving results of 
observations would be of interest in connection with the discus- 
sion on “ Humidity ” of yesterday. 

Mr. Feldman read the following: 

The proceeedings of the convention of Weather Bureau 
Officials, held at Omaha, in 1898, contains a paper en- 
titled “ Atmospheric Moisture and Artificial Heating,” 
by W. M. Wilson, of Milwaukee, who found that in build- 
ings heated by steam and hot water, with an average tem- 
perature of 72 degrees, the relative humidity was 28 per 
cent., while with furnace heating it was as low as 24 per 
cent. We are principally interested, however, in the aver- 
age outdoor relative humidity of New York City, where 
indoor records were taken, and I shall give only that of 
the months of October to April, inclusive: October, 73.9 
per cent.; November, 74.8 per cent.; December, 73.6 per 
cent.; January, 75.2 per cent.; February, 73.6 per cent.; 
March, 71.1 per cent.; April, 67.8 per cent. 

The point to be emphasized is that every time we step 
out of our houses during the winter season we pass from 
an atmosphere with a relative humidity of about 30 per 
cent. into one with a relative humidity of, on an average, 
70 per cent. Such a sharp and violent contrast must be 
productive of harm, particularly to the delicate mucous 
membranes of the upper air-passages. 

The overheating of our houses has been accepted as a 
prominent cause of catarrh, but I am confident that the 
low relative humidity, and consequently the large satura- 
tion deficit of the aqueous vapor in the atmosphere of our 
rooms in winter, is much more important than is the over- 
heating in itself, and it may be doubted whether the so- 
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called damp climate of the sea-coast or the shores of large 
inland lakes is in itself so responsible for the above diseases 
as has been generally supposed. Moreover, at New York 
and along the Atlantic coast the prevailing winds during 
cold periods are usually from the north or northwest, hav- 
ing passed over a dry, frozen area which has presented 
little opportunity for the air to take up moisture. At such 
times the temperature of the air indoors is allowed to be- 
come as high as 76 degrees to 78 degrees in order to feel 
comfortably warm. Records from steam-heated apart- 
ments show that the relative humidity was sometimes as 
low as 25 per cent. with a temperature of 78 degrees, dur- 
ing a period of very cool weather in January, 1902. The 
high temperature is necessitated by the chilling of the body 
by the increased evaporation, evaporation being essentially 
a cooling process. 

The winter of 1902 and 1903 was occupied in taking 
records and observations in rooms in which an experi- 
mental moistening apparatus was attached to a radiator. 
The mechanism was such that the control of the tempera- 
ture and of the moisture were independent, a most impor- 
tant point, and observations were made at different tem- 
peratures and with varying percentages of humidity. 

These tests were most instructive. In the first place it 
was observed that with a proper percentage of moisture 70 
degrees Fahr. was comfortably hot, 68 degrees Fahr. warm 
and 65 degrees comfortable. By proper percentage of 
moisture is meant one which is never below 50 per cent. 
or above 70 per cent.—average about 60 per cent. 

It was determined by repeated experiments that a tem- 
perature of from 65 degrees to 68 degrees and a relative 
humidity of 60 per cent. produced the most comfortable 
conditions, which were in marked contrast to a tempera- 
ture of 72 degrees Fahr. with a relative humidity of 30 per 
cent. The former felt warm and balmy, the latter, not- 
withstanding the higher temperature, chilly and dry, and 
the slightest motion of the air suggested a search for the 
source of suspected draughts. 

It was satisfactorily proven that one may live during 
the coldest weather with perfect comfort in a room at 65 








| 
| 
4 











INDOOR HUMIDITY. 153 


degrees Fahr. where the relative humidity is kept at about 
60 per cent. 

During the experiments upon the sensations produced 
by different percentages of saturation, and in order to 
obtain the opinions of persons having no knowledge of 
the existing conditions, one room was equipped with a 
moistening apparatus and the temperature kept at 65 de- 
grees to 68 degrees, with a relative humidity of about 60 
per cent.* An adjoining room, without a moistening ap- 
paratus and heated by an ordinary steam radiator, had an 
average temperature of 72 degrees to 74 degrees, with a 
relative humidity of 30 per cent. In every instance, and 
without at all knowing what the temperatures were in the 
two rooms, the opinion was unhesitatingly expressed that 
the first room was several degrees warmer than the second. 

Mr. Feldman: I move that Dr. Henry Mitchell Smith of 
Brooklyn be invited to present a paper giving the results of his 
experiments to the Society at some future meeting. I think we 
have had very little matter in our Proceedings relating to 
humidity. 

The motion being duly seconded, was agreed to. 

The President: We are very deficient as to facts bearing on 
humidity in relation to heating and ventilating. We have little 
literature on the subject of what constitutes good ventilation, and 
little on the subject of humidity that we can place dependence on. 
One question in regard to humidity we would like to know some- 
thing about. Why is it when an Englishman comes to this 
country he complains of our overheated rooms, and when an 
American goes to England he complains of how chilly it is? 
Something in the nervous condition of the people, I think. A 
room feeling comfortable to an American is considered hot by 
the Englishman, and vice versé. 

Mr. Oldacre: Referring to Mr. Feldman’s remarks, there is a 
work published in Germany—*“ Theory and Practice of Heating 
and Ventilating ’’—that gives the opinions of forty different au- 
thorities on the questions of humidity—German opinions, Eng- 
lish and American opinions. Also, in Professor Reitochel’s ad- 
dress on ventilation, quite a number of opinions are given on 
humidity. If you will go over that you will find the ideas of 
the different people vary, that there should be a relative humidity 
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of 15 per cent. up to 80 per cent., in order that the atmosphere 
shall be wholesome and such as is fit to breathe. The average 
as given by Professor Reitochel is as high probably as about 40 
or 45 per cent. of humidity. 

Mr. Oldacre: Wolfert’s address gives an exact reference to each 
work, date of publication, etc. 
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THE AMERICAN SOCIETY 
OF 
HEATING AND VENTILATING ENGINEERS. 


SEMI-ANNUAL MEETING, 


Held at the Auditorium Hotel, Chicago, Ill., July 7th and 8th, 1gos. 


PROCEEDINGS. 
FIRST SESSION. 


Morning session, Friday, July 7, 1905, ten o'clock A.M. 

The meeting was called to order by the Secretary. 

Secretary Mackay: Gentlemen, we are unfortunate this morn- 
ing in the absence of our President, Professor Kent, who has 
been detained in New York, and also in the absence of Mr. R. P. 
Bolton, our First Vice-President, and of Mr. C. B. J. Snyder, 
our Second Vice-President, who is engaged at the National Edu- 
cational Association Meeting at Asbury Park, where he thought 
he could do the Society more good than being presént with us, 
as he has to read a paper before that Association. Our Consti- 
tution provides that “in the absence of the President and both 
Vice-Presidents, the meeting shall elect a temporary presiding 
officer from the members present; the Secretary calling for a 
vote.” ‘The nominations for temporary chairman are now in 
order. 

Mr. Chew: Mr. Secretary, I think at a meeting of this kind, 
in the West, that some Past President from the West should be 
elected to preside instead of electing some member from the 
general body. It would be supported thoroughly if we had the 
entire Eastern membership here. 
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As Past President Kinealy of St. Louis is here, I nominate 
him for chairman of this meeting. 

The Secretary: Mr. Kinealy has the nomination. Are there 
any other names? 

Mr. Folsom: I would like to nominate Mr. Harvey of Detroit. 

Mr. Harvey declined in favor of Professor Kinealy, who was 
unanimously elected. 

(Whereupon Professor Kinealy, having been declared chair- 
man, took the chair, and the following proceedings were had.) 

Professor Kinealy: Gentlemen, I thank you indeed for the 
honor you have conferred upon me. I hope I shall be able to 
perform the duties of chairman to your entire satisfaction. The 
first business of the meeting is the roll-call. 

The Secretary: Before calling the roll, Mr. President, I would 
announce the names of the following gentlemen, who have been 
elected to membership in our Society since the last meeting: 


George W. Barr, Philadelphia, Pa., Member. 
R. C. Beverley, Richmond, Va., . 
Geo. L. Bottum, Kansas City, Mo., ‘ 
Robt. H. Feltwell, Philadelphia, Pa., > 
Chas. W. Fortune, Galt, Ont., Canada, sd 
Almon O. Jones, Battle Creek, Mich., ? 
Samuel R. Lewis, Chicago, IIl., is 
Clarence C. Mulford, Denver, Col., * 
W. S. Patterson, Appleton, Wis., me 
John T. Sadler, Elmira, N. Y., sa 
George H. Stibbs, New York, 7 
Chas. D. Symms, Sioux Falls, S. Dak., - 
George J. Tobin, Plainfield, N. J., " 
Levi J. Wing, New York, 5 
Wm. A. Birdsall, Newark, N. J., Associate. 
Fred’k W. Jennings, Leicester, England, _ 


(The Secretary then called the roll.) 

-The Secretary: Mr. President, we have more than a quorum 
present. 

The Chairman: The next business is the President’s address, 
but, unfortunately, while the mantle of the President has fallen 
upon me, I find no address with the mantle, so that will have to 
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be put off until some later day. The next business is the reading 
of our papers 

The first paper is entitled “ Residence heating by direct and 
indirect hot water,” by E. F. Capron, member of the Society. 

Mr. Capron then read the paper. 

It was discussed by Messrs. Brennan, Widdicombe, J. Mackay, 
W. M. Mackay, Munroe, Morgan, Thompson, Larson, Harvey 
and Donnelly. 

The Chairman: The next paper is entitled “ Flow of air in 
metal pipes,” by J. H. Kinealy, member of the Society. 

The Chairman: This is my paper, and I will ask Mr. Harvey 
to please take the chair while I read the paper. (Mr. Harvey 
took the chair.) 

Professor Kinealy then read an abstract of his paper. 

It was discussed by Messrs. Donnelly, Stangland and Harvey. 

(Mr. Kinealy then resumed the chair. ) 

The Chairman: The next business is the discussion of certain 
topics. Topic 1 is, “ Can pipe size for risers and radiator con-’ 
nections of risers be reduced?” Will the gentleman who pro- 
posed this topic please lead in the discussion? 

Mr. Chew: I think that the gentleman who proposed that topic 
is not present this morning. It would not be very plain without 
a little further explanation. 

The topic was discussed by Messrs. Munroe, Gifford, Donnelly, 
Morgan and Secretary Mackay. 

The Chairman: If there is no further discussion on this topic, 
we will proceed to the second topic: “ Can the area of mains in 
overhead systems of hot-water heating be reduced with benefit ? ” 

(No discussion. ) - 

The Chairman: Well, the third topic: “Is the expansion in 
heating mains uniform in all sizes and at all temperatures? ” 
Any discussion on_this topic, gentlemen ? 

(No discussion. ) 

The Chairman: The fourth topic: “ What is the best material 
for a gasket in a flange union for hot-water piping?” 

The topic was discussed by Messrs. Harvey, Donnelly, Jewett, 
Chew and Secretary Mackay. 

The Chairman: Any further discussion? If not, a motion to 
adjourn for luncheon will be in order. 

(Meeting adjourned to two o'clock in the afternoon. ) 
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AFTERNOON SESSION. 


Friday, July 7, 1905, two o'clock P.M. 

The Chairman: Before proceeding with the regular order of 
business, the Secretary has a cablegram here which he will read. 

The Secretary: This is from one of our English members, 
member of “ The Heating and Ventilating Society of Great 
Britain.” He cables from Trowbridge, England: “ Hope you 
decide to hold united meeting in England next year. Haden.” 

The Chairman: It is for the Society to say whether or not it 
will take any action on this cablegram. If you don’t want to 
go yourselves you can select a representative, and pay his ex- 
penses. No doubt we could induce him to go. 

Proceeding now with the regular order of business, we have 
the first paper, entitled ‘“ Notes on the Design of Central-Sta- 
tion Hot-water Heating Systems,’ by Professor Hoffman, 
member of the Society. 

Mr. Hoffman then presented his paper in abstract. 

The Secretary read a written discussion by Mr. Barron, and 
the paper was further discussed by Messrs. Schott, Jewett, Har- 
vey and Davis. 

The Chairman: Any further discussion, gentlemen? As there 
is no further discussion on this paper, we will proceed to the next. 
This is a paper entitled “ Drying by Steam, Hot Air and Waste 
Gases,” by Mr. Hugh J. Barron, member of the Society. Mr. 
Barron is not here, and I will ask Mr. Chew to be kind enough 
to read his paper. 

Mr. Chew then read Mr. Barron’s paper. 

It was discussed by Messrs. Bixby, Chew, Jewett, Davis, Wid- 
dicombe, Scott and Bailey. 

Mr. Chairman: We will now proceed to the discussion of the 
subject of “ The bill to provide for the ventilation of public build- 
ings in Illinois.” j 

Secretary Mackay: That bill was to be presented at the last 
session of the Legislature of the State of Illinois, and it was 
thought that as our Society would have its meeting in Chicago 
this summer, that it would be well to consider this bill as pre- 
sented at the meeting of the State Legislature, but it was not 
acted upon. The bill is somewhat similar to other bills that have 
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been introduced in other States from time to time. I don’t know 
that it is necessary to read it. 

The Chairman: Can you just give us the plain features of it? 

The Secretary: Well, it doesn’t ask for quite as much as we 
succeeded in obtaining in New York, and Mr. Waters wonders 
how we happened to get what we did. I told him that it was 
the result of eight or nine years of hard work, with final success 
after repeated failure. 

The Chairman: What does it ask for, how many cubic feet per 
minute ? 

The Secretary (reading): “ Shall not be less than 30 cubic 
feet per minute for each person,” etc. The bill is very similar 
to the one that was passed in New York State. I would say 
along these lines that our Vice-President, Mr. Snyder, superin- 
tendent of Buildings of the New York Schools, felt that he could 
do more good for this Society and the profession at large by pre- 
senting his paper before the National Educational Association, 
which is in session at Asbury Park to-day, than he could by 
being here. That is his reason for not being here with us. 
While he regretted it, he felt that in going before the National 
Educational Association of the United States and getting before 
them the laws that have been passed, and the necessity for such 
laws, he would be helping the profession more than he would by 
coming to Chicago and taking part in this meeting. 

The Chairman: What is the name of his paper? 

The Secretary: His paper is entitled “ Needed Legislation 
in School Architecture.” 

Mr. Chew: Mr. President, I don’t know how the rest of the 
members here feel on the reading of a law that has failed to pass. 
I think it is more reflection on the Legislature than it is on the 
people who presented the bill for their consideration. Although 
the people of Massachusetts have not yet succeeded in getting a 
statute law, that is of secondary importance, because they have 
had peculiar police regulations there, and they have had a man 
who had the courage and intelligence to provide regulations 
which the people of the State of Massachusetts have observed for 
several years, so that they are practically as well off as if they 
had a statute law. They had a man there who, during his life- 
time, insisted on the regulations being observed strictly, and they 
got 30 cubic feet ofair per pupil per minute. It took several years 








= 





a ene le 5 EOP EO EEDA HERES ei EO A ES 


ae 








162 PROCEEDINGS OF THE 


of very hard work, eight or nine years, to get the law througil 
the New York Legislature. The difficulty was that the legislators 
thought there was graft somewhere. Among legislators, in any 
industrial proposition, many of them think there must be graft 
in it for somebody. That means that the members of our So- 
ciety in any State, not only in Illinois, must have a chat with the 
different representatives of their Legislature, whether they come 
from the city or from the country district, and explain the com- 
mon-sense of the whole proposition. That is where the whole 
secret of success lies. Now, they have succeeded in getting a law 
in New York, New Jersey and in Pennsylvania. We want to tell 
the Illinois people that they must work for the same end. I 
think we ought to take some action as a Society that can be used 
by the Illinois members in presenting this matter to the Legis- 
lature next year, saying that the ideas of the American Society 
of Heating and Ventilating Engineers are so and so, and call 
attention to the fact that the progressive States of Massachusetts, 
New York, New Jersey and Penns$lvania have adopted those 
laws as laid down by the members of the Society, that they gov-. 
ern the practice in those States. Every State should have laws 
compelling school-houses to be properly ventilated. If these 
facts are presented to the Illinois Legislatures, I am satisfied 
that we could get some legislators to understand and work for 
the law. We may get ten members this year, and ten more the 
next year, and we will be making progress toward securing a 
law in Illinois. I am in favor of having the Society act on the 
proposed law, as it will give support and encouragement to the 
local men, the Illinois members who have the matter in charge, 
it will help them along in their work. 

The Chairman: Any further discussion, gentlemen? You do 
not make that as a motion, do you? 

Mr. Chew: No, sir. Possibly Mr. Waters can frame a mo- 
tion and bring it up at a later session. 

Mr. Davis: I move that the motion be laid over until to-mor- 
row morning, until Mr. Waters is here, and then we can get his 
opinion on the subject. 

(The motion was duly seconded and carried.) 

The Chairman: We will now proceed to discuss the topics. 
Topic 5, “ The Protection of Underground Piping.” If the 
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gentleman who suggested this topic is present, I would like 
him to lead in the discussion. 

(Mr. Donneily then read Mr. Barron’s written discussion. ) 

Mr. Chew: With your permission, I think I can occupy the 
Society beneficially for a few minutes. There was a committee 
appointed last January, consisting of Professor Kent, Mr. Old- 
acre, of Philadelphia, and myself, to collect data on hot-air fur- 
nace heating. With your permission, I can make a little report 
and occupy the time of the meeting for a short time. 

At the January meeting we had the pleasure of listening to 
a very good paper on hot-air furnace heating, and a number 
of questions were asked. Unfortunately for the furnace-heat- 
ing trade, the relative proportions and the sizes of the various 
parts of a furnace system have not been recorded or classified, 
neither have data been collected by which anybody can make 
a good classification; as a result, numerous questions were 
asked members of the Society identified with furnace heating as 
to the size of grates relative to the glass, etc., and as a result a 
motion was made that a committee be appointed to collect data 
on that subject. Professor Kent, who is chairman, is absent, and 
I have received a letter from him in which he says he is some- 
what disappointed that the series of questions which were pre- 
pared were not better responded to by the members. Every 
member of the Society received a copy of those questions, and I 
would not be surprised to hear you say they gave you a head- 
ache. I don’t blame you for not answering them all, but I would 
have been glad if you had answered one or two. But there is 
one member who has answered the questions very fully, and that 
is Mr. Wm. G. Snow, of Philadelphia, and he will be here later 
to speak for himself. 

I said when we sent out those questions that it would be too 
many questions, and I would be in favor of having a shorter list, 
and more pointed questions of a different character; but I was 
otherwise occupied and could not contribute my share to that 
labor. Now what Professor Kent says to us is that he hopes I 
will ask you people to join in getting up a set of questions on 
hot water and steam heating. It is a little bit discouraging, in 
view of the few answers received to the questions on furnace 
heating. I believe I have said before at the meetings of this 
Society that the most valuable papers this Society can have pre- 
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sented to it are descriptions of and detailed workings of systems, 
such as Mr. Capron has presented. Those detailed descriptions 
are of immense value to men who are going to step into the same 
field, are more valuable than anything else you could present 
here; and that is the idea of wanting those questions answered, 
so that such friends as Professor Kent, Professor Kinealy, Pro- 
fessor Carpenter and Professor Hoffman can have the figures 
classified before them, and eventually give us a paper out of our 
own meat which would be better than we ourselves could pre- 
pare. That is what Professor Kent is after from the Society, 
and he asks to have you do your share. If anybody has not a 
copy of those questions, they can easily be had. When you go 
back home, dig up the questions and see if you cannot give us 
something out of them. Those questions apply to the furnace 
men particularly. Those questions were printed in the different 
trade papers, so that not only the members of this Society could 
contribute to the subject, but men who are not members of the 
Society. Mr. Charles G. Folsom is a pretty good hot-air furnace 
man, and should answer the questions. Mr. Oldacre will do 
something when he gets to it, and Professor Kent will also. And 
finally Mr. Chew will do something; if he don’t it won’t be be- 
cause he don’t want to. 

The Chairman: This meeting stands adjourned until to-mor- 
row morning, at 9.30 o'clock. 


MORNING SESSION. 


Saturday, July 8, 1905. 9.30 A.M. 

The Chairman: Before proceeding with the regular order of 
business, I will ask the Secretary to read a communication which 
we have here. 

The Secretary: This is from the President of the Institution 
of Heating and Ventilating Engineers of London, England. 


Tue INstTiTUTION OF HEATING AND VENTILATING ENGINEERS. 


NeEtson StreEET, BristoL, June 27, 1905. 
Mr. W. M. Mackay, SECRETARY, 


The American Society of Heating and Ventilating Engineers, New York. 

Dear Sir: Referring to my previous letter I beg to state that my Council 

are very enthusiastic as to the idea of your Instituticn of Heating and Ven- 
tilating Engineers visiting England in 1906. 
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I should be glad if at your next meeting (which I understand is to be held 
in Chicago on July 7th and 8th) you would kindly bring the matter before 
your Society as to whether it is possible to arrange a joint Summer 
Meeting of our two Institutions in England. 

As you are aware, we have just completed our Summer Meeting in Bris- 
tol, and enclosed herewith is a copy of our programme, also press cuttings 
and souvenir menu and book of tickets, which latter was got out in connec- 
tion with our outing to Blagdon on June 21st, and which I thought you might 
like to see. = 

Directly I have the pleasure of receiving your reply to the proposed com- 
bined meeting of our Institutions, it is arranged that I shall forthwith call 
a Council Meeting, and that we promptly go into the matter of arrangements. 

Our prospective President—Mr. W. N. Haden of Trowbridge—is, as you 
are aware, one of your members, and I have no doubt he will write you per- 
sonally on the matter. On behalf of our members, allow me to say that 
nothing would be wanting on our part to make the proposed visit of your 
members to our country pleasurable, and you may be assured that we should 
greet you in a truly Masonic spirit. 

Awaiting your reply, I beg to remain, 


Yours respectfully, 
Georce CRISPIN, 


President. 


The Chairman: Gentlemen, you have heard this communica- 
tion. I think we ought to answer it, that some action should be 
taken. What action will you take? 

Mr. Davis: I move that the matter be referred to our Board 
of Governors for answer. 

The motion was duly seconded and carried. 

The Chairman: Is there any gentleman who has anything he 
wishes to bring up before we proceed with the regular order of 
business ? 

Mr. Waters, of Milwaukee, addressed the meeting in favor 
of having the next semi-annual meeting held in Mitwaukee, and 
read an invitation to visit that city. 

The Chairman: Gentlemen, you have heard this communica- 
tion read. We must answer that in some way. What will you 
do? Do you wish to express any preference to the Board of 
Directors, or do you wish simply to refer the matter to the 
Board without recommendation? 

Mr. Hoffman: I move that the Secretary be instructed to reply 
to this letter, expressing the thanks of the Society for its receipt, 
and stating that the matter has been referred to the Board of 
Governors for its final decision. 


The motion was duly seconded and carried. 
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The Chairman: Any other gentleman who wishes to bring 
forward before we proceed with the regular programme? 

The Chairman: Taking up now the programme for the morn- 
ing, taking the first paper, we will now have that. It is, “‘ Possi- 
bilities in heating with hot air,” by R. S. Thompson, member 
of the Society. 

Mr. Thompson read the paper, and it was discussed by Pro- 
fessor Carpenter and Messrs. Donnelly, Chew, Stangland and 
Folsom. 

The Chairman: The next paper is entitled “ Sheet metal radi- 
ation,” by H. W. Nowell, member of the Society. 

The paper was discussed by Messrs. Jas. Mackay, Morgan, 
Carpenter and Donnelly. 

The Chairman: Any further remarks? If not, we will now 
proceed to the topics of discussion, and under that head comes 
the discussion on the bill to provide for the ventilation of public 
buildings in Illinois. That discussion was laid over from yes- 
terday afternoon until this morning. We will now take up that 
topic of the discussion of that bill. Mr. Waters, will you lead 
this discussion, please? 

Mr. Waters (Chicago) : I had a conversation with Mr. Mac- 
kay this morning relative to the matter, and believe there must 
have been some misapprehension about the bill. It was not pre- 
sented to the Legislature. In fact, the major portion of it was 
the New York bill that was forwarded me by Mr. Mackay, and 
I eliminated the portion of that bill which would not be appli- 
cable to our city ordinance. The New York bill embraced certain 
features that are covered by our city ordinance, in the Building 
Department, which the State has nothing to do with. The pro- 
posed bill is simply a compilation of the New York bill, together 
with as much matter as I thought would be proper and could 
be taken up for one consideration. It was sent to every local 
member of our Society, together with a letter requesting that we 
have a meeting for the purpose of discussing the matter, and see 
where eliminations might be made or certain conditions taken 
up and discussed, but I regret to say that I received but three 
or four replies to my letter, and as a consequence nothing further 
has been done. If the local members see fit between now and 
the meeting of the next Legislature, which will be two years from 
last winter, to co-operate and take this matter up, formulate a 
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bill, work jointly together, and see our friends in both houses 
of the Legislature—that is absolutely necessary in order to have 
anything go through, whether it is based on merit or not. I 
think there are some things in the amended bill, and also some 
things in the New York bill, that could not be gotten through 
our Legislature. For that reason I think it would be well to 
discuss the matter, as there may be some members present now 
who might be able to offer some valuable suggestions along these 
lines ; if so, they can be taken up and considered later on. 

The Secretary: I have a copy of the bill, and, as I stated yes- 
terday, it is almost a copy of our New York bill, with some 
points that could not be passed left out, and I think we as a 
Society ought to endorse Mr. Waters’s efforts. He is one of 
the committee of the Society on compulsory legislation, and we 
ought to impress on our membership in Illinois the need and 
necessity of assisting the committee in this laudable effort. I 
can talk intelligently on the subject from the fact that I have in 
the past been a member of the Legislative Committee of the 
Society for a number of years, and was chairman of it for two 
years. Unfortunately, I, like Mr. Waters, was on the committee 
when we didn’t meet with much success. We tried hard, and 
saw success almost within our grasp in several sessions of the 
New York State Legislature, and in the New Jersey Legislature, 
and in the Pennsylvania Legislature. We were congratulating 
ourselves that the work was done, that we had accomplished our 
purpose, when we found we had failed and that we had to do 
it over again. In New York State we introduced bill after bill 
for eight or nine years. Some of the bills were good, and some 
of them were poor in that they did not ask what we,-as a Society, 
thought we ought to get, but we were glad to get them in the 
shape they were in the hopes of getting something on the statute 
books that would help us later on by amending it, and finally, 
largely through Mr. Snyder’s efforts, and the efforts of the 
National Educational Association, who were interested, they 
took the matter up, at a meeting of the State Superintendents at 
Albany, and endorsed it and spoke to their State senators and 
legislators. I, as Secretary, was instructed to write a letter to 
every member in New York State, and ask him to influence as 
many State senators and members of the Legislature as he could, 
and something like seventy-three members were reached in that 
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way of our own membership, and we got replies from, I should 
say, fifty of them; and I also got replies from those members of 
the Legislature and senators whom our members had influenced, 
and it was finally put in the hands of a representative of the 
Legislature from a country district. We were advised in Albany 
that that was the proper thing to do if we wanted to get it 
through. We began to feel that our bill, which was a very 
strong one, was going to have the same fate as previous ones, 
when last April it was passed in both houses almost at the close 
of the Legislature. 

Now in connection with Massachusetts, and in connection with 
this bill, I would say that Massachusetts started in on some- 
thing that is very harmless in their bill. It has been said at this 
meeting and at previous meetings that Massachusetts had no 
law covering the ventilation of public school buildings, but that 
the district police have enforced this form No. 83; now by re- 
ferring to the laws of the State of Massachusetts I find they 
tacked these district police laws on to a bill which reads, “‘ Acts 
of 1894, Chapter 508, an act regulating the employment of 
labor.” I quote from this chapter the following: 


Sec. 40. Every public building and every schoolhouse shall 
be kept in a cleanly state and free from effluvia arising from 
any drain, privy or other nuisance, and shall be provided with 
a sufficient number of proper water closets, earth closets or 
privies for the reasonable use of the persons admitted to such 
public building or of the pupils attending such schoolhouse. 

Sec. 41. Every public building and every schoolhouse shall 
be ventilated in such a proper manner that the air shall not be- 
come so exhausted as to be injurious to the health of the per- 
sons present therein. The provisions of this section and the 
preceding section shall be enforced by the inspection depart- 
ment of the district police. 

Sec. 42. Whenever it appears to an inspector of factories 
and public buildings that further or different sanitary provi- 
sions or means of ventilation are required in any public build- 
ing or schoolhouse, in order to conform to the requirements of 
this act, and that the same can be provided without incurring 
unreasonable expense, such inspector may issue a written order 
to the proper person or authority, directing such sanitary pro- 
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visions or means of ventilation to be provided, and they shall 
thereupon be provided, in accordance with such order, by the 
public authority, corporation or person having charge of, own- 
ing or leasing such public building or schoolhouse. 

Sec. 43. Any school committee, public officer, corporation 
or person shall within four weeks after the receipt of an order 
from an inspector, as provided in the preceding section, pro- 
vide the sanitary provisions or means of ventilation required 
thereby. 


The Secretary: That is the Massachusetts law, the State law 
as far as it has gone for the last twenty years, and there is less 
to it than there is in our Pennsylvania law, and we are not any 
too proud of that. Now, district police form No. 83 reads as 
follows: 


Form No. 83. District Police. 
Department of Inspection of Factories, 
Workshops and Public Buildings. 

Office, State House, Boston. 


In the ventilation of school buildings the many hundred ex- 
aminations by the inspectors of this department have shown 
that the following requirements can be easily complied with: 


1. That the apparatus will, with proper management, heat 
all the rooms, including the corridors, to 70 degrees F. in any 
weather. 

2. That, with the rooms at 70 degrees and a difference of 
not less than 40 degrees between the temperature of the out- 
side air and that of the air entering the room at the warm-air 
inlet, the apparatus will supply at least thirty cubic feet of air 
per minute for each scholar accommodated in the rooms. 

3. That such supply of air will so circulate in the rooms that 
no uncomfortable draught will be felt, and that the difference 
in temperature between any two points on the breathing plane 
in the occupied portion of a room will not exceed 3 degrees. 

4. That vitiated air in amount equal to the supply from the 
inlets will be removed through the vent ducts. 

5. That the sanitary appliances will be so ventilated that no 
odors therefrom will be perceived in any portion of the build- 


ing. 
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To secure the approval of this department of plans showing 
methods or systems of heating and ventilation, the above re- 
quirements must be guaranteed in the specifications accom- 
panying the plans. 

Approved: Rurus R. Wapg, Chief Instructor, 


Inspector of Factories and Public Buildings. 


The Secretary: I thought that those points ought to be 
brought out so as to give our members in Illinois the hope 
that something could be done here. Let them not get discour- 
aged because of failure, because we have had failure after failure, 
and we still kept at it, and we finally reached success. 

The Chairman: Is there any further discussion? We will 
consider this as a report of progress. It is, of course, to be ear- 
nestly hoped that the committee and Mr. Waters will continue 
their efforts. The next order of business is Topic No. 8, which 
is: “ Are the benefits derived from large mains with branches in 
hot-air furnace systems sufficient to merit wider adoption.” If 
the gentleman who sent this in is present, I should like for him 
to lead the discussion. There is a written communication that 
has been submitted. 

The Secretary: Gentlemen, Mr. Skelleberg, of Iowa, who is 
not a member of the Society, suggested that topic by writing the 
Society and asking that if we could have a paper presented be- 
fore the Society on the subject of large mains, or single pipes 
in hot-air heating. His letter was received too late to prepare 
the paper and get it before the committee in time to be printed 
with the other papers, and he was written to that effect, and sug- 
gested that we insert a topic in our programme. He writes under 
date of July 6th, as follows: 


DusugueE, Iowa, July 6, 1905. 
Mr. W. M. Mackay, SECRETARY, °+ 


The American Society of Heating and Ventilating Engineers, Auditorium 
Hotel, Chicago, Ill. 


Dear Sir: I regret at this last hour to tell you that I cannot accept your 
kind invitation to your meeting at Chicago on the 7th and 8th inst., as I had 
fully intended. 

I will preserve your paper sent me, and will reply tc same with a descrip- 
tion of a large main system of hot-air heating, to be presented at the next 
Annual Meeting. 
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I notice on your programme Topic No. 8, “ Are the benefits derived from 
large mains with branches in hot-air furnace systems sufficient to merit 
wider adoption?” 

I answer, practical experience has proved to me that this is the ideal sys- 
tem, and to prove my claim will prepare two papers to be read at next meet- 
ing, showing where I changed two plants from individual piping to the large 
main system, using same furnaces and location of registers unchanged. 

Thanking you for the kind invitation, I remain, 


Very truly yours, 
R. L. SPELLERBERG. 


The Chairman: Any further discussions? If not, we will pass 
to the next topic. The next topic is “ Vacuum systems of hot- 
water heating.” If the gentleman who suggested that is present, 
we would like to have him lead the discussion. 

Mr. Hoyt then discussed the topic. 

The Chairman: Any further discussions? As there is no fur- 
ther discussion, we will now go to the next topic, No. Io. 
There being no further discussion, we will proceed to the next 
topic, ‘ The production of wrought-iron screw nipples.” That 
was suggested by Mr. Barron, who sends in a written discus- 
sion. Will you read it, please? 

The Secretary: This is his discussion on the topic of nipples, 
by Mr. Hugh D. Barron, member of the Society. 

Mr. Barron then discussed the topic. 

The Chairman: There being no further discussion on this topic, 
I believe we have arrived at the end of our business. Now be- 
fore we adjourn, is there anyone who has anything he wishes to 
bring before the Society? I think that we may congratulate our- 
selves upon the success of this Western meeting, and as a West- 
ern member I hope it will be repeated. : 

Mr. D. K. Munroe: I would like to have the Society pass a 
vote of thanks, on the part of our members, for the kindness and 
courtesy that the Chicago and Illinois members have shown us 
here in this city. We from the East feel very much gratified, 
and have enjoyed ourselves very much, and I want to express 
my pleasure for the good time I have had. 

The Chairman: Gentlemen, that resolution needs no seconding. 
I think that should be a rising vote. All in favor of that please 
rise. 


(Everybody arose.) 
The Chairman: We extend our thanks to the members in 
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Chicago and Illinois. 


“ec 


Aye.” 
(Motion carried. ) 


PROCEEDINGS OF THE 





Are there any further resolutions ? 
The Secretary: Mr. President, before adjourning, I think it 
would be well to pass a resolution thanking the Press for their 
efforts in making a success of this meeting. 
The Chair: All in favor of that motion signify it by saying 


Mr. Strangland: I move we adjourn. 
(Motion seconded and carried, and meeting adjourned.) 
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CXLIV. 


RESIDENCE HEATING BY DIRECT AND INDIRECT 
HOT WATER. 


BY E. F. CAPRON, 


During the past ten years the writer has installed a number 
of hot-water heating plants, using both direct and indirect ra- 
diation, and the results obtained have been very satisfactory, 
both with the overhead and the up-feed systems of circulation. 

The heating apparatus described in this paper was installed 
in a three-story and basement brick residence, having exposure 
on all sides, with no protection from surrounding buildings. 

The cubic contents of the building is 98,304 cu. ft., wall ex- 
posure 7,182 sq. ft., glass area 1,416 sq. ft., and it is heated by 
2,518 sq. ft. of direct and 1,200 sq. ft. of indirect surface, with 
285 sq. ft. in the tempering chamber. 

There are two boilers of the locomotive fire-box type, brick 
setting, each containing 279 sq. ft. heating surface and 9.2 sq. 
ft. grate area, one boiler being used in ordinary winter weather 
(15 degrees above zero). The automatic system of heat regula- 
tion controls the temperature in a number of rooms and also 
controls the draught to boilers. 

The system of piping is what is called “ up-feed ” except in 
the sun-porch, which is one-pipe. All piping is concealed and 
covered. Each pair of risers has controlling valves with drip 
valve for draining, and each stack of indirects is treated in the 
same manner. 

The air for indirect radiators enters the building through 
two windows, having shutters which are easily adjusted, passes 
through cheese-cloth screens and through tempering radiators 
into a main cold-air room, from which room galvanized iron 
ducts carry the air to the various radiators. 

There is a by-pass damper under the tempering radiators, 
controlled automatically, the thermostat controlling same being 
located in cold-air room. : 
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Each individual stack of indirect radiators has a by-pass 
damper, allowing tempered air being admitted to the rooms 
when the temperature rises to 70 degrees. The rooms heated 
by indirect radiation are ventilated by means of fireplaces. 

The house has been satisfactorily heated, but the plant is 
somewhat complicated for the ordinary house man to operate 
and obtain the best results. 

During the month of February of this year the writer made 
a test in the operation of the plant, the results of which are 
given below: 


FEBRUARY I5, 1905. 





TEMPERATURE TAKEN AT -M. 9 A.M. 11 A.M. 1 P.M. 3 P.M. 9 P.M. 





Degrees. | Degrees. | Degrees. | Degrees. 

Outside. . 8 | 9 10 —2 
Water supply | 170 168 
Water return eee 5 f 140 144 
| 

| 


40 40 
70 70 
76 78 
57 58 
Conservatory............ ° — L 56 5 | 64 67 
Reception hall ein 70 74 | 76 

Amt. fuel consumed during day 910 pounds anthracite coal. 

















* One register closed. 


FEBRUARY Ig, 1905. 





TEMPERATURE TAKEN AT -— | Sim liam. | lpm. | 3PM. 9 P.M. 





| Degrees. | Degrees. | Degrees. 
Outside 16 24 35 
Water supply |} 130 156 165 170 ; 156 
Water return -| 120 135 140 148 140 


| Degrees. | Degrees. | Degrees 
Qf QQ 3 

46 48 56 | 60 58 
| 
} 
i 
| 
! 
} 


Si) 


Servants’ dining room } 70 | 70 68 70 70 
Parlor. 68 70 68 

a 62 | 62 64 
Conservatory | 60 64 68 
Reception hall 70 70 72 72 i 
Amt. fuel consumed during day .... 627 pounds anthracite coal. 


72 | 72 
58 | 68 
68 | 68 
bo ~ 





* One register closed. 


FEBRUARY 20, 1905. 





TEMPERATURES TAKEN AT 7 AM. | 9 A.M. 11 A.M. lr. M. 3 P.M. 
| 


Degrees. | Degrees. | Degrees. | Degrees. | Degrees. | 
Outside 32 3 38 38 36 | 
Water supply 142 140 140 138 | 140 
WAterreturn......ccccessssescsene | 196 120 18 | 15 | 118 
Cold-air room ee 58 56 } SO 48 48 
| 70 70 70 70 70 
70 70 R 72 nu 
66 66 | 66 66 6G 
Conservatory | 60 64 65 65 | 65 
Reception hall | 72 72 l 72 7 70 
Amt. fuel consumed during day,... 520 pounds anthracite coal. 


| 
| 

| Seaccae Pas caat Be 
| 





* One register closed, 
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THE AVERAGE DAILY TEMPERATURES bETWEEN 7 A.M. AND 9 P.M.—FoOR SEVEN 
Days. 





14th. 15th. 16th. | 17th. 


| For 
18th. 19th. 20th. | Seven 


Days. 








Degrees.\| Degrees.| Degrees.| Degrees.| Degrees. Degrees. Degrees.| Degrees. 
8 2.3 29.83 34.66 | 





rere 18.16 23 22.66 66 | 18.80 
Water supply ........ 169.5 172.33 | 170.16 | 170 159.383 158.01 | 140 | 162.76 
Water return ..... ... 160.6 147.66 | 150.33 | 154.83) 154 138.83 | 119.01 | 146.46 
Cold-air room ........ 58.33 42.66 51 | 59.66 58 54.33 56 54.28 
Servants’ dining-room 71 70 7 | 70.33 70 69.66 7 71.57 
| ee ry 65.33 76.33 74.5 | 74.66 | 72.66 7 70.66 72.02 
Billiard room......... 54 56.16 63 67.66 | 67.66 65 65.33 52.68 
Conservatory. ........ 58 65.38 65 68.33 61.5 66.16 64 61.18 
Reception room....... 70.33 73.83 74.33 74 73.66 71.33 71.33 | 72.68 








Average amount of coal consumed each day, 718 lbs. 





Two boilers were in operation on the 15th, and only one 
boiler on the 19th and 2oth. 

At the time the test was made, the automatic regulation was 
not in perfect order until 11 A.M. on the 2oth, and since that 
time the plant has been working very successfully, and the 
consumption of fuel has been reduced. 

In plants of this description, it would be a good plan for 
architects and engineers to include in specifications “a week's 
operation by competent persons,” as the ordinary house man 
is not capable of operating a plant of this description in a satis- 
factory manner to both owner and contractor. 


DISCUSSION. 


The Secretary: I have a request from Professor Kent, who 
asks a question in connection with the Capron paper: “ Has he 
any means of judging how much of the heat generated was used 
to heat the air discharged from the building for ventilation and 
how much to supply the radiation for conduction through the 
walls, windows, etc. ? ” 

Mr. Capron: I have no means of answering that question. I 
could not make that test from what data I have. 

Mr. Brennan: I would like to ask Mr. Capron how he ar- 
rived at the amount of radiation, what formula he used? 

Mr. Capron: The formula I used. was a proportion of one 
square foot of radiation to two square feet of glass; one square 
foot of radiation to ten square feet of wall surface; one square 
foot of radiation to 60 cubic feet of contents, with an addition 
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of 50 per cent. for the indirect, and about 10 per cent. for the 
corner rooms in addition. 

Mr. Brennan: I would also like to ask how the capacity of the 
boilers in relation to the amount of radiation in the building was 
arrived at. 

Mr. Capron: I think the boilers are rated for about 30 per 
cent. more than the total amount of radiation of the buildings, 
plus 25 per cent. for mains and risers, and added about 20 per 
cent. to that. The boilers are quite ample for the amount of 
radiation. 

Mr. Widdicombe: Have you any idea, Mr. Capron, about the 
relative cost of operation of this plant compared with a steam 
plant applied to the same use indirect ? 

Mr. Capron: No, I have not made a test of a steam plant simi- 
larly constructed, with the same sized building. I would not 
pass any judgment on that. 

The Secretary: I would like to ask Mr. Capron how or why 
this particular type of boiler was selected for the building, for 
the reason that in the East we do considerable indirect hot-water 
heating, and in the majority of cases we have been using, feeling 
that we were treating the case better, a cast-iron boiler; and I 
would like to find out why he selected this particular type of 
boiler for this building. 

Mr. Capron: That is a good deal a matter of opinion, as re- 
gards the cast-iron type of boilers. We are using many of them 
in the West. After talking it over with the architects and own- 
ers, I think they decided that they preferred that boiler to the 
cast iron. But I don’t know as they had any very good reason 
for it. There were objections to both of them. We have a num- 
ber in operation for a number of years, and they have always 
given very good satisfaction. When properly installed, I don’t 
think there is any objection to them. 

The Secretary: I only brought it up at this time in that con- 
nection to ascertain whether ft was an expression of his opinion, 
or a request of the owner or the architect, or something of that 
sort. Our experience in the East is that our wrought-iron tubular 
boilers go to pieces in the summer months when they are not in 
use. 

Mr. Munroe (of Baltimore) : In selecting this particular boiler, 
I would like to ask Mr. Capron if, as I understand, it is a loco- 
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motive type of boiler, brick set, whether’ it had cast-iron rings 
at the bottom around the fire door, that is, or steel welded rings? 

Mr. Capron: This boiler had a steel welded ring. 

Mr. Brennan: I would like to ask Mr. Capron what was the 
construction of the boiler with regard to the flues, the manner of 
bricking, the manner of the taking the smoke up from the boiler? 

Mr. Capron: The boiler had all the flues in it we could possibly 
put in. It had about twelve or fourteen more than the ordinary 
boiler is constructed with to-day. It was simply crowded with 
flues; the brick setting was arranged so that the smoke passed 
around the boilers three times and was taken out at the rear; 
went down under, back in front, over the top and out at the rear. 

Mr. Brennan: Was the smoke area greater with the hot-water 
boiler than if you used it as a steam boiler? 

Mr. Capron: The same proportion. 

Mr. Brennan: It was greater than the combined area of all the 
tubes. 

Mr. Capron: It made it about 25 per cent. greater than the 
combined area of the tubes. The boiler contained more tubes 
than the ordinary steam boiler. 

Mr. Hoffman: I would like to ask what ratio the gentleman 
used between the area of the cross section, what we call our in- 
take, and the cross-section area of the heated waterstack ? 

Mr. Capron: To each individual stack? 

Mr. Hoffman: To the sum total. 

Mr. Capron: About one square inch area to a square foot of 
radiation. 

Mr. Larson: I would like to ask the author of that paper how 
his flues were placed in this case, whether staggered or in hori- 
zontally or in a vertical row; and as to how they were spaced, 
whether far apart or not; and also if in his judgment there is not 
danger in getting too many flues in of destroying circulation? 

Mr. Capron: The flues were in horizontal and vertical rows. 
The spacings, I should say, were about two inches between the 
flues. From the operation of the plant, and the circulation ob- 
tained around the system, I should not think the circulation was 
retarded at all; it had very good circulation throughout the en- 
tire operation. 

The Secretary: As I understand it, it merely increased the 
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number of tubes by filling what would be the steam space with 
additional tubes, so as to make it a hot-water boiler. 

Mr. D. F. Morgan: I would like to ask Mr. Capron whether 
in his opinion a cast-iron boiler, treated in the same manner as 
to bricking as a fire-box boiler, would not give better results? 

Mr. Capron: Well, better results in regard to economy of oper- 
ation, or as regards circulation? 

Mr. Morgan: Well, both; I had in mind the economical opera- 
tion. 

Mr. Capron: I don’t think there would be any great difference 
in economy, from what experience I have had. The brick set- 
ting, of course, would help it to some extent, no question about 
that. 

Mr. Morgan: The boiler was bricked so that the gases returned 
around the bottom of the boiler, and were passed off at the top 
at the back of the boiler. Is that correct? 

Mr. Capron: Yes, sir. 

Mr. Morgan: If that was reversed, wouldn’t there have been 
more economy? The fact of the gases leaving the boiler at the 
point where the water was the coldest would have abstracted 
more heat from the gases, would it not? 

Mr. Mackay (Chicago): That would depend upon the gases 
as they left the fire chamber. 

Mr. Morgan: I might say that this manner of bricking fire-box 
boilers has never appealed to me. As a matter of fact, a fire- 
box boiler has never appealed to me anyway. Ina fire-box boiler 
35 per cent. of the heating surface does 65 per cent. of the work. 
I think that with a great number of flues and a large amount of 
grate surface, the best results are obtained from the bricking in 
of the boiler. Now, I have bricked in a cast-iron boiler, and I 
bricked it the reverse way of Mr. Capron. I passed the gas off 
at the top, going forward and down and going to the chimney 
at the bottom of the boiler, and I found the results for economy 
were very great indeed; and itt is a practice we have adopted in 
our construction of bricking in cast-iron boilers. I think from 
the fact we have larger flue space for the gas to travel through 
and become ignited, that we can get much better results from 
them than we can from a fire-box boiler under the same con- 
ditions. : 

The Secretary: We are going into the question of boiler con- 
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struction rather than heating of the building. But I just want 
to agree with Mr. Morgan in one thing that he says, that he 
could get better results from a cast-iron boiler. And then I want 
to say that in my opinion a properly constructed cast-iron sec- 
tional boiler does not require bricking in in order to make it give 
better results. It is only when defective in construction that 
it requires the use of brick work. 

Mr. Morgan: I think I have to take issue with Mr. Mackay 
about one thing. Isn’t it a question of the heating on the inside 
of the boiler, and leaving the outside to do the condensing? The 
condensation of your heating medium is supposed to take place 
in the radiator. I think the covering of the boiler with asbestos 
is merely a make-shift. The gas may just as well travel around 
the outside of the boiler and make a heating surface of the con- 
densation surface as not. I don’t want to state what the results 
were in one instance that I know of, because it would be very 
hard to believe, and then Mr. Mackay would go back and say it 
was the fault of the boiler, which I do not believe. 

Mr. Thompson: I would like to inquire why, in assuming the 
ratio of radiating surface in the building to be heated, so much 
weight is given to the cubic contents in proportion of the wall 
surface and glass surface? I have not had time to figure this 
out, but in looking at it I should judge that the number of square 
feet given on account of the cubic contents are very much greater 
than the number of square feet for the door surface and wall 
space combined. Why was that plan adopted? 

Mr. Capron: I have used that formula for the past ten or 
twelve years, and have been very successful with it. My work 
has given good satisfaction and come out very nicely.- We have 
not had to go back and add a lot of radiation from time to time, 
and it always seems satisfactory. You get the proportion of the 
house by the rooms; it is simply a matter of proportion. It has 
always proven satisfactory to me. 

Mr. Widdicombe: I would like to ask Mr. Capron if it is not 
a fact that Mr. Mackay’s remark about the steel boiler falling 
down in the summer time does not equally apply to a cast-iron 
boiler cracking in the winter time? 

Mr. Capron: I think that a cast-iron boiler will crack if it 
freezes in the winter time. What the results would be with the 
fire-box boiler under the same conditions it is hard to say. Of 








184 RESIDENCE HEATING BY DIRECT AND INDIRECT HOT WATER. 


course it would not damage the boiler to the same extent. I 
think there are points in favor of both boilers. The conditions 
of the building, the opinions of the architect and owner often 
influence the engit:eer in deciding what he is to use. I have had 
trouble with both steel and cast-iron boilers. 

Mr. Larson: There is another objection to the fire-box boiler 
that I have not heard mentioned ; that is, that it is impossible in 
a fire-box boiler to get up the heat in the furnace that is required 
for good combustion. For perfect combustion, it is necessary to 
have the fire-box of your furnace as hot as possible. You can’t 
get your furnace in the fire-box boiler as hot as you can in the 
brick furnace. 

Mr. Munroe: I would like to ask Mr. Capron if he had any 
particular reason for placing the radiation around on the second 
and third floor other than under the windows? It seems to me 
nowadays there is a wide difference of opinion among engineers 
as to the amount of surface necessary to heat rooms of varying 
exposures, also regarding the placing of radiators under win- 
dows, or otherwise than under the windows. I would like to 
hear some expression of opinion as to whether it is still adhered 
to as being always the best practice to place radiators under the 
windows. 

Mr. Capron: In this case the radiators were located to suit the 
owners of the building. I always liked to have the radiators on 
the outside walls and under the windows if possible. I don’t think 
there is much difference between the outside walls and the win- 
dow, as regards the heating of the room. Placing the radiator 
over in the centre of the room, on the inside wall, I used at least 
25 per cent. additional radiation—usually add at least that much. 
But we have to follow the wishes of the owner to a certain extent 
in the location of radiators at all times. 

Mr. Donnelly: I don’t understand Mr. Capron when he says 
he adds 25 per cent. additional radiation for the radiators when 
used on the inside walls. There*is no 25 per cent. more loss from 
the outside walls, and the radiators ought to come much closer 
than 25 per cent. of maximum transmission. One other fact 
which Mr. Munroe spoke about, and I brought up a while ago— 
that was, if the radiators were located under the windows and 
the air delivered through them varies, as it does with either steam 
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or water, running probably from 100 to 150 degrees, if the air 
is maintained passing up in front of the window, keeping that 
surface practically filled with air at 100 to 150 degrees, the 
heat loss from that glass isn’t 70 degrees, the difference be- 
tween the inside and outside, but from 100 to 120 degrees dif- 
ference. It is not absolutely correct if you figure 70 degrees dif- 
ference; if your radiator is on the inside of the room it heats 
the wall surface; if it is an outside exposure, the outside sur- 
face and the glass surface would not be over 70 degrees. With 
very high ceilings, the real exposure and the real loss of heat 
is not 70 degrees at the top of the window;; it is nearer 75, and 
at the floor it is a little less than 70. In very high ceilings it 
may be more. It seems to me it is always the same way, that 
if you put your radiator under the window you have to have 
more radiation than if you put it along the inside wall. 

Mr. Thompson: My question about the proportion of radiat- 
ing surface, etc., was based on the fact that I spent last winter 
in a house heated with hot water, and the house was a little 
peculiarly built. There was one room in it which had a good 
deal of cubic contents and very little wall surface, very little glass 
surface; another room which had very much less cubic contents 
had more than double the wall surface and glass surface. The 
room which had the small amount of surface and large cubic 
contents was easy to heat; the other room with the larger amount 
of wall and glass surface, but smaller amount of cubic contents, 
it was difficult to get up to sixty. It impressed me right there 
that the general plan might be all right for a different room and 
a different house; but that a rule ought to be so made that you 
could heat every room in any house if we are going on the cor- 
rect principle and sound practice. The rule where cubic contents 
are considered may work with some rooms, but rooms vary, and 
you often get a peculiarly situated room. We ought to have a 
rule which would cover peculiar rooms as well as ordinary rooms. 

The Chairman: Any further discussion? 

Mr. Jas. Mackay: The remarks that have been made with 
reference to the boiler and figures as to radiation, etc., all apply 
and are pertinent. I do not think it is possible to formulate a 
rule for figuring radiation that will apply hard and fast to every 
condition. It is very easy to assume that a given amount of radia- 
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tion will offset a given exposure. But the amount of air that is 
leaking in through a given window at any time is simply a matter 
of some individual’s judgment. I can estimate according to my 
judgment that it is 5 cubic feet of air an hour; another man might 
estimate 10, and another might estimate 15; that is where the 
judgment of the engineer enters into the question. Mr. Capron’s 
figures have been followed in his practice, checked off against 
different results, and have proven satisfactory. Now, no doubt 
if he had other problems to handle he would change his formula 
to suit the conditions as he finds them. The boiler with a fire- 
box construction is one that is very largely used in this section of 
the country for both steam and water. It is true they deteriorate 
in the summer season, when they are not in use; but we have a 
sandy soil here, so that perhaps they do a little better service from 
the standpoint of durability than they do in some other sections 
of the country. 1 have seen them go to pieces in four years. 
Now, take a cast-iron sectional boiler, with the same amount of 
grate area as the fire-box boiler, and you will have a larger 
amount of heating surface, consequently greater economy. 
The trouble is, that it has become the practice of heating con- 
tractors to use the boiler given to him by the boiler manufac- 
turer; but the sectional boiler maker has begun to look closer 
into the question of ratings. Take the two boilers, the fire- 
box and sectional construction, with the same grate area, the 
sectional boiler will be far more economical, especially if 
erected as Mr. Morgan has said. 

The Chairman: Any further discussion on this paper? Mr. 
Capron, under the rules you have a right to close. 

Mr. Capron: I just want to say that the general style of the 
heating plant which this paper refers to is somewhat different, I 
think, from the ordinary house-heating plant that is put in. I 
don’t remember now of more than one residence in Chicago hav- 
ing hot-water indirect heat with a tempering chamber, having an 
automatic pass-by damper. . 

It is somewhat peculiar in its Construction, and that is one 
reason why I sent it in to the Association. There was one point 
in regard to the test, or the turning over of the plant to the 
owner. After having a man there about a week, we taught him 
the operation of the plant. I think that with plants of this de- 
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scription, and with a great many other plants, that before turn- 
ing them over to the owner the man in charge—who as a rule is 
not a licensed engineer, or has not had much experience—should 
have a week’s tuition with a competent man. I think the general 
results would be far better from the contractor’s standpoint and 
the engineer’s and owner’s as well. 








CXLV. 
FLOW OF AIR IN METAL PIPES. 


BY J. H. KINEALY. 


The expression for the friction of the flow of air in metal 
pipes of a circular or square cross-section may for all practical 
purposes be taken as 

v \70.31 
( F = ( ) * 
(1) q 


5,200 








* The derivation of equation (1) is as follows: 
The head, 4, required to overcome the friction of the flow of any fluid in a pipe of 
circular or cross-section is 
‘ v? 7 
(A) po f'n 26 
2g D 
in which v is the velocity in feet per second of the fluid in the pipe; fis the co- 
efficient of friction of the fluid; /is length of the pipe in feet ; D is the diameter or 
side of the pipe, in feet; and g is 32.2, about. 
J may be taken as about 0.006, so that 4 / is equal to about 0.025. And if we let 


d 
d be the diameter, or side of the pipe iz inches, we have D= = and, therefore, 


4f _ 9.025 x I2__ 0.3 
ea ee about. 
Putting this value of sf in (A), we have 
(B) ian? 0.3 yi 





=— xX 
2g d 
In (A) and (A) 4 is the head expressed in feet of the fluid flowing through the 
pipe. If we express it as a pressure, /, per square inch, we get 


(C) r=—— X ——. 


If now we consider air at a temperature of about 56° F., and express the pressure 
in ounces per square inch and the velocity: in feet per minute, instead of feet per 
second, & is the velocity in feet per minute with which air at a temperature of about 
56° F. will flow under a difference of pressure of one ounce per square inch. That is, 
& is 5,200. 

Now, the force or pressure required to overcome the friction is exactly equal to the 
friction itself, and hence we may say that the friction of air flowing in a round or 
square metal pipe is, as given in equation (1), 


~ v \io3l 
F=(—) a ie 
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In this formula, F is the loss of pressure due to friction, in 
ounces per square inch; v, the velocity of the air in feet per 
minute; /, the length of the pipe in feet; and d, the diameter in 
inches of the pipe if round or the side if square. 

If we solve (/) for v we get 


dF 
(2) Vv = 9,500 ve. 
If the pipe is round its area of cross-section in square feet is 


144 183’ 


0.7854d? d?. 
8 


and if the pipe is square its area of cross-section in square feet is 


d? 
144° 


The product of area of cross-section in square feet, multiplied 
by the velocity of flow through the pipe in feet per minute, is 


equal to the cubic feet, C, of air flowing through the pipe per 
minute. 


That is, for a round pipe, 


2 /TE a: 
(3) C= 5 i“ == 5.2 4 a about; 











8 


and for a square pipe 


2 Ak 5 ; 
(4) C= ssoo d /ZF = 6.6 2 * Tabout. 





These equations apply only to smooth pipes, and since it is 
impossible to make in practice pipe which shall be smooth 
everywhere inside, it is better to say 


q® 
4-4 of, for a round pipe. 
(5) o- 





— 
5.5 4 =: for a square pipe. 
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An inspection of (5) shows that for all practical purposes we 
may say that the amount of air which will flow through a round 
pipe of a given diameter and length, for a given value of F, is 
about 0.8 as much as will flow through a square pipe under th : 
same conditions. 

A bend in the pipe tends to increase the amount of friction, 
and has the same effect as increasing the length of the pipe by 
an amount which depends upon the ratio of the radius of the 
middle of the bend to the diameter of the pipe, and upon the 
diameter ofthe pipe itself. If we call e this increase in length 
we may say 


(6) e=kd 


For a 90-degree bend where the radius of the middle of the 
bend is @ k is about 5; and for a go-degree bend where the 
radius of the middle of the bend is d, k is about 4. 

Table I. gives the values of k for go-degree bends and vari- 
ous values of the ratio obtained by dividing the radius, r, of 
the middle of the bend by the diameter, d, of the pipe if round, 
or the side if square. 


TABLE I. 


Values of & for various values of ; ° 








r 

aes , a 
Oe cussed | he ch eae 5 

6 A anbitewanéon Be aina haha vacua ibid 4 

eee ere | ee 3 





If we find the equivalent increase of length of a pipe due to 
each bend, and add this to the length in feet of the pipe, we 
have what may be termed the equivalent length of the pipe, 
which is always greater than the actual length as measured. 
Thus, let us suppose we have a square 12-inch pipe, 100 feet 
long, which has one square bend and one bend for which the 
radius of the middle is 18 inches or 1.5 times the size of the 
pipe, and we wish to know the equivalent length of the pipe. 
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From Table I. we see that k for the square bend, < equal 4, 


es : 
is 5; and for the other bend, where q tS: k is 3. 
Hence for the square bend the increase in length is 


5 d = 60 feet; 


and for the other bend the increase is 


3 d = 36 feet. 


Therefore, the total equivalent length of the pipe is 


100 + 60 + 36 = 196 feet. 


That is to say, the loss of pressure from friction of this 12- 
inch pipe, 100 feet long and having the two bends, is the same 
as it would be in a straight 12-inch pipe 196 feet long. 

It is evident that we may assume various values of d, F, and 
1 in (5) and calculate the amount of air which would flow 
through the pipe under the assumed conditions. 

Table II. gives the values of C for various values of d and 
F for square pipes 100 feet long, as calculated by (5). 


TABLE II. 


Cusic Feet or AiR THAT WILL FLow PER MINUTE THROUGH SQUARE PIPES OF 
VARIOUS SIZES, 100 FEET LONG, FOR VARIOUS VALUES OF F. 





























Rani sind Daas F, on Loss BY FRIcTION IN OUNCES PER Square LNcH. AREA oF Cross- 
rac edit) eon ae ——, SECTION oF PiPE IN 
0.1 0.2 0.3 04 | 05 0.6 Souans Incuzs. 

6 150 220 270 310 | 340 37 36 
8 320 440 540 630 | 700 770 64 
10 560 780 950 1,100 1,200 1,350 100 
12 70 1,200 1,500 1,700 1,950 2,100 144 
14 1,300 1,800 2,200 2,600 2,800 3,100 196 
16 1,800 2,500 | 3,100 3,500 4,000 4,300 256 
18 2,400 3,400 4,100 4,800 5,300 5,800 324 
20 3,100 4,400 | 5,400 6,300 7,000 7,700 400 
22 4,000 5,600 6,900 7,900 | 11,000 | 12,000 4s4 
24 4,900 6,900 10,400 12,000 13,000 15,000 536 
26 6,000 8,500 12,500 14,500 16,000 18,000 676 
30 7,200 10,200 | 15,000 | 17,000 | 19,000 | 21,000 900 
34 11,800 | 12,200 | 20,000 | 24,000 | 26,000 | 29,000 1,156 
38 15,500 | 16,600 | 27,000 | 31,000 | 35,000 | 38,000 1,444 
42 20,000 | 28,000 | 34,000 | 40,000 44,000 | 48,000 | 1,76 

46 25,000 35,000 | 43,000 50,000 56,000 61,000 2,116 
50 31,000 | 43,000 | 55,000 | 62,000 | 69,000 | 75,000 2,500 

| 





Table II. is made for square pipes, but it can be used for 
rectangular pipes that are not square and also for round pipes. 
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The table may be used for any rectangular pipe whose longest 
side is not more than twice its shortest. Thus the friction in 
a rectangular pipe 7 by 14 inches is only about 5 per cent. more 
than that in a square pipe Io by Io inches of the same length. 
As long as the short side of the cross-section of the pipe is not 
less than one-half the length of the long side, the friction in 
the rectangular pipe will not be more than 5 per cent. greater 
than the friction in a square pipe of the same area of cross- 
section and the same length; and a difference of 5 per cent. is 
too small to be considered in such work as laying out a system 
of pipes for a heating or ventilating system. 

Table II. may be used for round pipes if we remember that 
the number of cubic feet of air carried by a round pipe of a 
given diameter and length is 0.8 of the number of cubic feet 
of air carried by a square pipe of the same length whose side 
is equal to the diameter of the round pipe. Thus the table 
shows that the friction of 1,100 cubic feet of air passing per 
minute through a square pipe Io by 10 inches and 100 feet 
long is 0.4 of an ounce. A round pipe Io inches in diameter 
and 100 feet long would have the same friction if 880, equal 
0.8 X 1,100, cubic feet of air passed through it per minute. 

Table II. may be used to determine the size of pipe required 
to carry a given amount of air per minute with a given loss by 
friction. This may best be made clear by examples. 

Example 1. Determine the size of a rectangular pipe re- 
quired to deliver 3,000 cubic feet of air per minute a distance of 
100 feet with a loss by friction of 0.2 of an ounce. 

Looking under the column headed 0.2, we find opposite 16 
in the first column, 2,500; and opposite 18 in the first column 
we find 3,400. That is, a 16-inch square pipe will deliver 2,500 
cubic feet of air per minute a distance of 100 feet with a loss 
by friction of 0.2 of an ounce; and an 18-inch square pipe will 
deliver 3,400 cubic feet of air per minute the same distance 
with the same loss. Since 3,000 is about midway between 2,500 
and 3,400 it is evident that we need a 17-inch square pipe, since 
it is midway, almost at least, between a 16-inch and an 18-inch 
pipe. 

If we do not want to use a square pipe we proceed as follows: 
The area of a 16-inch square pipe which will deliver 2,500 cubic 
feet per minute is, from the table, 256 square inches, and the 
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area of an 18-inch pipe which will deliver 3,400 cubic feet per 
minute, is 324 square inches. The mean of these is 290, equal 
256 + 324 : ; 
—} ? Square inches. That is, the pipe must have an area 
of 290 square inches to deliver 3,000 cubic feet of air 100 feet 
with a loss by friction of 0.2 of an ounce. We may use a pipe 
12 by 24; or 15 by 20; or 16 by 18 inches. 

Example 2. Determine the diameter of a round pipe that 
will deliver 10,000 cubic feet of air per minute a distance of 100 
feet with a loss by friction of 0.5 of an ounce. 

Since, as has been pointed out, a round pipe will deliver only 
0.8 as much air as a square pipe of the same size with the same 
loss by friction, if we divide 10,000 by 0.8 we get the amount 
of air which a square pipe of the same size as the required 
round pipe will deliver. And 10,000 divided by 0.8 is 12,500. 

Looking under the column headed 0.5, we find that a 24- 
inch square pipe will deliver 13,000 cubic feet of air per minute 
with a loss by friction of 0.5 of an ounce. Hence a 24-inch 
round pipe is what we shall use. 

Example 3. Determine the size of a square pipe required to 
deliver 1,500 cubic feet of air per minute a distance of 300 feet 
with a loss by friction of only-o.1 of an ounce. 

Since the friction increases as the square root of the length 
of the pipe, delivering 1,500 cubic feet of air 300 feet is equiva- 
lent to delivering at a distance of 100 feet an amount of air 
equal to 1,500 multiplied by the square root of the quotient 
obtained by dividing 300 by 100. The quotient obtained by 
dividing 300 by 100 is 3; and the square root of 3 is 1.7. 

Hence the pipe which will deliver 1,500 cubic feet of air a dis- 
tance of 300 feet will deliver 2,600, equal 1.7 multiplied by 1,500, 
cubic feet of air 100 feet with the same loss by friction. 

Therefore, we proceed as before, and find the square pipe 
which will deliver 2,600 cubic feet of air per minute at a dis- 
tance of 100 feet with a loss of 0.1 of an ounce. This we find 
must be a 19-inch square pipe, although a pipe 18 by 19 inches 
will be large enough. 

Example 4. Determine the size of pipe 150 feet long with 
one square go-degree bend and two curved go-degree bends, 
required to deliver 2,000 cubic feet of air per minute with a 
loss by friction of 0.3 of an ounce. 
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In working such an example as this it is usual to assume 
first the probable increase in the amount of air to compensate 
for the length and bends, and by practice one soon learns to 
assume about the proper increase. Here, however, we shall 
assume no increase at all and proceed as follows: 

Delivering 2,000 cubic feet of air 150 feet is equivalent to 
delivering 2,500, equal 2,000 multiplied by the square root of 
the quotient obtained by dividing 150 by 100, cubic feet of air 
100 feet. And the table shows that for a loss 0.3 of an ounce 
a 15-inch pipe will be required. We may assume that for the 
square bend k, given in Table I., is 5; and for each of the round 
bends k is 3. Hence the equivalent length due to the bends is 


§X15+2X3X15 = 75 + 90 = 165 feet. 
The equivalent length of the pipe, therefore, is 
150 + 165 = 315 feet. 


That is, because of the bends we must deliver the air not 
150 feet, but 315 feet. And delivering 2,000 cubic feet of air 
315 feet is equivalent to delivering 3,600, equal 2,000 X / 315 

100 
cubic feet of air 100 feet. 

From Table II. we see that a 17-inch pipe will be required 
to deliver 3,600 cubic feet of air a distance of 100 feet with a 
loss by friction of 0.3 of an ounce. 

But the equivalent length due to the bends in the 17-inch is 


5X 17+2X3X17 = 85 + 102 = 187 


instead of 165 as assumed. 
And the equivalent length of the pipe is 


150 + 187, = 337 feet. 


And delivering 2,000 cubic feet of air 337 feet is the same as 





delivering 3,700, equal 2,000 y/ 337 cubic feet a distance of 100 
100 


feet. 
Table II. shows that a 17-inch pipe is not quite large enough, 
but nearly so, to deliver 3,700 cubic feet of air per minute a 











XUM 








FLOW OF AIR IN METAL PIPES. 195 


distance of 100 feet with a loss by friction of 0.3 of an ounce. 
A pipe 17 by 18 would be amply large. 

Table II. shows very clearly how and why it is that the fric- 
tion of the flow of air in a round pipe is different from the fric- 
tion of the flow of air in a square pipe. Thus, suppose we wish 
to determine the size of a square pipe and also the size of a 
round pipe capable of delivering 2,000 cubic feet of air a dis- 
tance of 100 feet with a loss by friction of 0.2 of an ounce. 

Turning to Table II., we see that a 14-inch square pipe will 
deliver 1,800 cubic feet of air a distance of 100 feet with a loss 
by friction of 0.2 of an ounce, while a 16-inch square pipe will 
deliver 2,500 cubic feet of air the same distance with the same 
loss. That is, the 14-inch pipe is slightly too small and the 16- 
inch pipe is too large. We should use, therefore, a 15-inch 
square pipe. 

To find the round pipe required, we divide 200 by 0.8 and get 
2,500. Then we look in Table II. and find the size of pipe re- 
quired, and this will be the size of round pipe required to de- 
liver 2,000 cubic feet of air a distance of 100 feet with a loss 
of 0.2 of an ounce by friction. From the table we see that an 
18-inch pipe will be required. That is, an 18-inch square pipe 
will deliver 2,500 cubic feet of air a distance of 100 feet with a 
loss by friction of 0.2 of an ounce, while an 18-inch round pipe 
will deliver 2,000 cubic feet of air a distance of 100 feet with 
a loss by friction of 0.2 of an ounce. 

In other words, the round pipe must be 18 inches in diameter, 
while the square pipe need be but 15 inches on the side. The 
round pipe must be 20 per cent. larger than the square pipe in 
order to deliver the same quantity of air with the same loss by 
friction. A round pipe of the same size as a square pipe of a 
given length will have just exactly the same loss by friction as 
the square pipe and will deliver only about 0.8 as much air as 
the square pipe. Further, the round pipe will take up just as 
much room or space as the square pipe. 

A square pipe is better than a round pipe, because it will 
deliver more air for the same loss by friction and will take up 
no more space. True the square pipe will contain more metal 
than the round pipe, whose diameter is equal to the side of 
the square pipe, and the square pipe will cost more to make. 

The formulas and table given here may be used to lay out 











196 FLOW OF AIR IN METAL PIPES. 


all kinds of systems of piping for air, and I hope that the mem- 
bers of the society will find them as useful and convenient in 
their work as I have. 


DISCUSSION. 


Mr. Donnelly: I would like to ask Professor Kinealy a ques- 
tion. At the top of page 6 he says, “ Since the friction increases 
as the square root of the length of the pipe, delivering 1,500 cubic 
feet of air 300 feet is equivalent to delivering at a distance of 
100 feet an amount of air equal to 1,500 multiplied by the square 
root of the quotient obtained by dividing 300 by 100.” I could 
never make the loss due to friction, as given in some of the 
author’s works, agree with loss of friction and loss of press- 
ure of steam. For instance, Babcock’s formule for steam 
gives the loss of pressure due to friction as directly propor- 
tional to the length. Twice the length, twice the loss in press- 
ure due to friction; and loss of friction due to velocity, as the 
square of the velocity. Twice the velocity, four times the loss 
of pressure due to friction. I would like Professor Kinealy to 
give me some explanation of why this is, “as the square root 
of the length of the pipe.” I don’t quite understand that. I 
don’t understand whether it is the Babcock formula, expressed 
in a different way, or a different handling of the same proposi- 
tion, or what. 

Mr. Kinealy: I think it is probably a difference in the way in 
which the formulas are read or used. The equation only shows 
that the friction, or the loss by friction, for the same velocity and 
the same diameter of pipe, increases directly as the length does. 
Now, however, when you have a given pipe, a pipe of a given size, 
and you have a given head or loss, with which you start, you 
make corrections for variations, as you have varying velocities. 
You will find by solving the equation, as is done in equation 2, 
that the velocity is inversely as the square root of the length. 
In this work, using Table 2, we start with a loss for which we 
design our pipe. For instance, 0.1 of an ounce or 0.2 of an 
ounce. That loss must not be exceeded, and hence, from equation 
2, we see that as we increase the length or decrease it, the velocity, 
which is the same as the amount of air, changes inversely as the 
square root of the length, the difference being that we are start- 
ing with different given quantities. We are working with Table 
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2, and in that we have given the loss of friction and the, diameter 
of the pipe. That is all there is to it. 

The Chairman: Any further discussion ? 

Mr. Stangland: I would like to ask the Professor if this for- 
mula hoids good on either vacuum or exhaust steam drawings, 
or the discharge of air through pipes? 

Mr. Kinealy: It does not make any difference. 

Mr. Stangland: I am inclined to think it does. I would like 
to hear from some of the members on the question of exhausting 
air through pipes, or the flow; I am inclined to think there is a 
difference in the formula. 

Mr. Harvey: Some of your furnace men ought to be able to 
give some light on that point. If there are no further questions 
to be asked on Professor Kinealy’s paper, we will close the dis- 
cussion. 

Mr. Kinealy: I used Table 2 in designing in this way: I deter- 


‘mined the loss due to friction of the air passing through my tem- 


pering coils, then through the heating coils, and through the fan; 
then I subtract that total loss from the pressure corresponding 
to the speed at which I wish to run my fan, and the remainder 
is the pressure that will be used in overcoming friction. Then I 
proportioned my pipes accordingly. 

In other words, suppose I am laying out a large hot blast job 
and I wish to run the fan so as to give a pressure of 0.6 of an 
ounce. I may put in a deep heater, and an air washer, or I may 
have two or three other things that will increase the resistance 
to the air, as it passes from the outside through the fan and tem- 
pering coil to the heating coil. I find these resistances and add 
them together. Let me assume that the sum total is, say, 0.35 of 
an ounce. Subtracting that from 0.6 of an ounce, I have 0.25 
left. Now I know that there are going to be various little re- 
sistances which I cannot estimate, therefore I will lay out the 
pipes so that the resistance due to the friction in the pipes and 
in the flues up to the registers will be 0.2 of an ounce. Then I 
use this table. I have no doubt but what the friction will vary 
with different conditions. I know that the smoothness of the 
pipes and the way in which the pipes are put together affect it 
very materially, I know that the condition of the flues affects 
the friction materially, but the mere fact that I do not know 
how to account exactly for all those things does not keep me 
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from trying to account for the friction as far as I can. When I 
lay out the pipes from this table, assuming that the friction will 
be 0.2 of an ounce, I am perfectly satisfied if it is only 0.15; but 
I kick if it happens to be 0.25. All the table can do is to aid 
you. I think you will all agree with me when I say that no 
formula, no table, no book will make an engineer any more 
than a box of carpenter’s tools will make a carpenter. 

















CXLVI. 


NOTES ON THE DESIGN OF CENTRAL-STATION 
HOT-WATER HEATING SYSTEMS. 


BY J. D. HOFFMAN, 


1. The success attending the operation of central heating 
plants has been variable; some have worked satisfactorily and 
others have been failures. The few installations that were 
first put in, however defective they may have been, fortunately 
served to stimulate rather than to discourage progress in this 
line, and as a result in localities where conditions seem to offer 
special inducements, such plants are regarded with great favor. 
In the last few years a fruitful field for the application of such 
systems has been opened up in the Central West, especially 
such portions of it as have previously been blessed with natural 
gas. The cheapness of the gas as a fuel and the great con- 
venience attending its use have up to this time served as bar- 
riers to other methods of heating. Now that the supply of 
gas is becoming so limited as to demand some other system, 
people are choosing between the private heating plant, fur- 
nace, steam or hot water and the central or district system. 
The element of economy enters in the selection of the system, 
but that of personal convenience in handling and operating is 
one of the controlling factors. 

Owing to the great field which now seems to be opening up 
along the line of central-station heating, the time seems ripe 
for a general interchange of opinion concerning the design of 
such systems. The importance of the subject cannot be ques- 
tioned, and since the society has not touched upon it to any 
great extent, it is hoped that this paper may be taken as an 
initiative, and that it may provoke friendly discussion among 
the members, so that in meetings following this, other papers 
upon other phases of the subject may be presented. 

Many articles are to be found in the technical press on cen- 
tral-station or district heating, but these give mainly descrip- 
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tions of the equipment and method of operation without enter- 
ing into the reasons underlying the design of the various parts. 
The subject of heat transmission, when applied to actual cases, 
is one that follows closely to the theoretical development, and 
it is natural to assume that this branch of it will permit rational 
deductions. Because of this assumption, therefore, and be- 
cause there is so little precedent to follow, also because there 
are others in the society who are so well informed along the 
lines here discussed, the writer feels some hesitation in sub- 
mitting this contribution for the close analysis which it is sure 
to receive. 

No great degree of originality need be claimed in the meth- 
ods employed in the paper; rather, there has been an attempt 
to follow out logically and in sequence the various points of a 
typical design along existing and well-known lines, so as to 
point out how such work may be done. 

2. Conditions to be Fulfilled——tiIn the following only two- 
pipe hot-water heating is considered. A certain portion of an 
imaginary city, Fig. 1, is assumed as available territory. In 
this territory is located an electric lighting plant (A) having 
a maximum output of 250 K. W. or approximately 333 H. P. 
In connection with this lighting plant is installed, as an integral 
part, a hot-water heating system using the exhaust steam from 
the lighting engines in reheaters to heat water which in turn 
is forced through the street mains to the various houses. The 
maximum amount of heating surface to be supplied from this 
power plant is taken at not greater than 100,000 square feet. 

3. Territory to be Occupied and Gallons of Water Needed.— 
To obtain an estimate of the number of houses that can be 
heated and the possible territory covered, it is necessary to 
know the amount of heat lost per hour from the average resi- 
dence and then from the average square. Take as a unit of 
measurement a 12-foot by 15-fpot by 10-foot corner room hav- 
ing three 3-foot by 6-foot windows, located on the first floor 
in any residence and apply the formula given in Carpenter’s 
“ Heating and Ventilating of Buildings,” page 70. The heat loss 
from this room is 


W ey , 
Ha (G+ +52) (t—t’), where 
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G = area of the glass = 54. 

W = area of exposed walls = 216. 

C = volume of the room = 1,800. 

N = changes of air in the room per hour = say 2. 
t = temperature of the room air = 70°, 

t’ = temperature of the outside air = 0°. 


Substituting in the above, we find the heat loss from such 
a room per hour to be 12,145 B. T. U. To determine the 
amount of water necessary to pass through the radiators to 
supply this heat loss, assume the water to enter the radiator at 
175 degrees and leave the radiator at 155 degrees, giving off 
approximately 20 B. T. U. per pound in the residence. If 
this room were supplied by heat from a central station there 
would be an approximate loss in the street mains of 5 degrees 
coming and 5 degrees returning, which makes an additional 
loss of about 10 B. T. U. per pound of water. Considering 
the radiator itself, it will require 12,145 -+- 20 = 607 pounds 
of water per hour. This is equivalent to 72.7, say, 73 gallons 
of water per hour. To find the square feet of hot-water heat- 
ing surface to heat this room we have 


Radiation = 12,145 + 1.7 (T — 2), 


where T is the average temperature of the water within the 
radiator = 165 degrees; ¢ is the temperature of the room = 
70 degrees and 1.7 is the heat transmission through one square 
foot of cast iron radiation per hour per degree difference in 
temperature. From this we obtain the requirement of ap- 
proximately 73 square feet of water heating surface. This 
makes one gallon of water per hour for each square foot of 
heating surface in the room. 

The assumed room may be taken as an average of most 
rooms in residence heating, and in moderately cold weather 
with a house of ordinary construction the above figures would 
hold good. In case of extreme cold weather or poor house 
construction, the temperature of the water may be raised. 
It is not an uncommon thing to have the temperature of the 
water in the radiators near 200 degrees. This would permit 
the same volume of water to pass the radiator per hour and 
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still provide enough additional heat to the room to take care 
of almost any unusual heat loss. 

Each residence square is taken at 3,500 square feet of heat- 
ing surface, and each business square at 7,000 square feet. 
Allowing 20 residence squares and 4 business squares as in- 
dicated within the limits of the dotted lines, Fig. 1, we have 
approximately 100,000 gallons of water moved through the 
system each hour. This will require the pumps at the power 
plant to deliver 28 gallons per second. 

4. Size of the Mains.—Having given the requirement of the 
plant at 28 gallons of water per second, the area of the main 
at the power plant can be obtained as follows: In a two-pipe 
(main and return) hot-water system, take the velocity of the 
water at the power plant at 7 feet per second, and in the out- 
lying mains at 5 feet per second. Allowing 7 feet per second, 
the area of the pipe is 76.5 square inches, which is equivalent 
to a pipe of Io inches diameter. In the same way with an 
assumed velocity of 5 feet per second, mains at any point to- 
ward the end of the run may be obtained. 

Referring to Fig. 1, which gives the proposed layout of the 
pipes for the district, the sizes of the mains would be calcu- 
lated beginning at the power plant. Knowing the amount of 
water to be supplied by each one of the mains, any diameter 
may be obtained by assuming the velocity varying from 5 to 7 
feet per second as previously suggested. It is desirable to 
have service pipes as large as possible consistent with the dif- 
ficulties which will be met in installing the same. Where two 
pipes are run in the same conduit a diameter of Io inches in 
each main can be laid without great difficulty, but to install 
pipes of, say, 16 inches or more would require a trench of such 
a size that it would interfere in the laying of other pipes and 
wires under a city street, and this is seriously objected to by 
city ordinances. It is not thought advisable, from the stand- 
point of economy, to carry more than 100,000 to 150,000 
square feet of surface on the average lighting plant, hence.a 
10-inch to 12-inch main would in few cases be exceeded. 

5. Circulating Pumps.—To circulate the water through the 
mains it is necessary to have some pump service attached. 
The pumps are located on the return line (Fig. 2) near where 
it enters the building, and, providing an expansion tank is used, 
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they should take the water directly from it. The pumps may 
be either of the horizontal reciprocating type or of the cen- 
trifugal type. After selecting the type of the pump it should 
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be installed in duplicate in such a way that one or both pumps 
may be used according to the requirements of the system. 
The principal reason for installing in duplicate is that in case 
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of a breakdown to any one pump, the other pump used under 
heavy load will be able to perform the duty while the broken 
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one is being repaired. It seems reasonable to assume that 
each pump should have a capacity of about three-fourths of 
the maximum requirement of the system. This would make 
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both pumps operated jointly to have a total value of 50 per 
cent. excess over maximum requirement. Applying these 
assumptions, we would have each pump capable of supplying 
1,800,000 gallons each twenty-four hours, or 21 gallons of 
water per second. Since pumps are usually rated by the mil- 
lion gallons delivered every twenty-four hours, the rated ca- 
pacity of each pump installed would probably be 134 million 
gallons. The sizes of the pumps would naturally be taken 
from the sizes guaranteed by the various manufacturers. 

6. Reheaters——In the general layout of the plant the re- 
heaters should be located close to the pumps and on the high- 
pressure side. These reheaters will be of the surface type 
similar to a surface condenser, and may or may not be in- 
stalled in duplicate. In any case they should be so piped that 
a part or all of the water in the systems may be passed through 
them as necessity requires; also that the exhaust steam which 
is piped from the engine will have proper drip connections to 
a condenser pump. The condenser should deliver the water 
of condensation as indicated to the boilers as feed water or to 
the heating system. 

Assuming only one reheater to be installed, and knowing 
the amount of steam that will be given off from the engines 
per hour, the following important features may be deter- 
mined: First, the size of the water pipe leading to and from the 
reheater; second, the number of square feet of heating surface 
in the reheater; third, the size of the pipe for steam connec- 
tions; and, fourth, the size of the pipe for the water of con- 
densation. : 

For our design assume an average lighting plant having a 
maximum engine capacity of 320 H. P., using, say, 30 pounds 
of steam per H. P. hour, or a total of 9,600 pounds of steam 
per hour. In a plant of this size there would also be pump 
service valued from 10 to 15 per cent. of the engine capacity, 
but in this case only engine service is considered. Steam under 
a pressure of Ig pounds per square inch has a total heat above 
zero of 1,182.62 B. T. U.* The temperature of the steam is 225 
degrees, and the temperature of condensation is 212 degrees. 
We have then 970.62 B. T. U. given up per pound of steam, 





* Figured from live steam conditions, 
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making a total of 9,317,952 B. T. U. per hour. On the water 
side of the tubes the circulating water will, according to previous 
assumptions, enter at about 150 degrees Fahr. and leave at 180 
degrees Fahr., taking up as it passes through the reheater 30 
B. T. U. per pound of water. From this we find 310,598.4 
pounds of water per hour needed to absorb all this heat. Since 1 
cu. in. of water at 180 degrees Fahr. weighs .035 pounds, we 
have 8,874,240 cu. in. of water passed through per hour. If 
the velocity of the circulating water is taken at 5 feet per second 
in the feed and delivery pipes the diameter would be 8 inches. 
To obtain the best service from the plant it would be well to have 
the water pass through the reheaters and pipes as slowly as pos- 
sible. Since it would be necessary to put in an 8-inch pipe to 
obtain a 5-foot velocity, it might be well to increase this to 10 
inches, the same as the outside main and permit the passage of 
all the water of thé system through the reheater at a velocity 
of 7 feet per second. This might be necessary in case of any 
breakdown to the heating boilers, in which emergency live steam 
can be added to the exhaust steam in the reheater to make up 
the deficiency for the supply of heat. 

Concerning the best velocity of the water in the reheater 
itself there may be more difference of opinion; probably 4 feet 
per second will give the best results. From this the free area 
of the tubes would be 134 square inches. If the tubes be taken 
34 inch outside diameter with the thickness of 17 S. W. G. and 
arranged as shown in Fig. 3 it will require 425 tubes and a 
shell diameter of approximately 30 inches. 

To obtain the heating surface of the tubes we should know 
the rate of heat transmission through them. This is not easy 
to do since the clean tube will be much more efficient than the 
one that has seen some service. For clean tubes and volumes 
of water less than 1,000 pounds per square foot of heating sur- 
face per hour, Carpenter quotes, page 89, 427 B. T. U. per 
degree difference in temperature. Since the average heater 
tube is seldom capable of delivering more than 50 per cent. 
of the maximum transmission it will be so considered in this 
case. With a temperature of the steam in the reheater at 225 
degrees and the average temperature on the water side (180 + 
150) +2 = 165 degrees, we have 60 degrees difference be- 
tween the temperatures of the two sides. From this the heat- 
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ing surface may be obtained for the heater from the formula 


HS = Total heat given up by engines per hour _ a 
‘“* Heat transmitted through 1 sq. ft. of surface per hour 











Substituting, we have 9,317,952 + (427 X 5 X 60) = 727 sq. 
ft. This would be equivalent to 2.27 square feet of surface for 
each engine horse-power. If the inner surface of the tube be 
taken as the measurement of the heating surface and the total 
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FIG. 3. 


surface be 727 square feet, the length of our reheater tubes 
would be Io feet. 

Checking the heating surface with Whitham’s “ Steam En- 
gine Design,” page 283, we nave for very similar conditions 
1,083 square feet. Also, in Sutcliffe’s “ Steam Power and Mill 
Work,” page 512, we find that condenser tubes set in the or- 
dinary way have a condensing power equivalent to an absorp- 
tion of 13,000 B. T. U. per sq. ft. per hour when the condens- 
ing water is supplied at 60 degrees and rises to go degrees, a 
difference of 30 degrees as in the preceding cases. This rate 
of transmission will give 716 square feet of surface. The*same 
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reference, however, says that although 13,000 B. T. U. per 
square foot per hour may be easily transmitted under favor- 
able conditions, it is wise to design only for the transmission of 
10,000 B. T. U. per square foot per hour, which will give a 
greater margin for the use of water at a higher temperature. 
With a transmission of 10,000 B. T. U. per hour, we have 932 
square feet of surface or nearly 3 square feet of surface for each 
horse-power of the engine. 

An empirical formula for the amount of heating surface in a 
heater may be taken from a book of the International Corre- 
spondence School, which is as follows: 


S = .0944W 


where W is the total weight of the steam used per hour. This 
gives 906.2 square feet, checking very closely with 3 square 
feet of surface for each horse-power. 

Summing up the formulas as stated, it seems best to recom- 
mend the use of 2.5 square feet of heating surface per horse- 
power when using steam at 30 lb. per horse-power hour. 

The diameter of the exhaust steam pipe leading into the re- 
heater may be taken from the formula in Carpenter, page 284, 


where 
d= iP 
1.23 


This gives the diameter of the exhaust pipe 10 inches. 

The diameter of the pipe leading to the condenser pump will 
naturally be taken from the catalogue size of the pump installed. 
This pump would be selected from capacities as guaranteed by 
the respective manufacturers and should be capable of handling 
the amount of water that is condensed from the engine. 

The reheater may also be provided with a live steam inlet to 
be used when the exhaust steam is not sufficient. High-pres- 
sure steam is then used through a reducing-pressure valve. A 
1%-inch pipe will probably suffice. There is some question 
concerning the advisability of doing this. Some prefer to in- 
stall a small-sized reheater for live steam to be used independ- 
ently of the exhaust-steam reheaters. This permits the use 
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of high-pressure steam without in any way affecting the back 
pressure on the engine. 

An exhaust-steam reheater can be used with either condens- 
ing or non-condensing engines. With condensing engines it 
is placed between the engine and the condenser. During a 
good portion of the season, when the outside temperature is 
fairly high, a low temperature is maintained onthe circulating 
water, say 130 degrees to 140 degrees, and a fairly high vacuum 
18 to 20 inches can be maintained on the engine. During se- 
vere weather the vacuum may not run above 12 to I5 inches. 
In such cases the engine may be run non-condensing if desired. 
On warmer days, when but a little heat is required, or in the 
summer time when it is cut off entirely, the engine will be run- 
ning with an ordinary vacuum of, say, 26 inches. In most 
cases, such plants are installed non-condensing. Steam is then 
used at a higher temperature in the reheater than when run 
condensing and requires less tube surface. During the heat- 
ing season, when the exhaust steam is used for heating pur- 
poses, such an engine gives better service than a condensing 
engine run at varying degrees of vacuum; however, on the 
other hand, in the summer time the exhaust steam will be 
largely thrown away. 

It has been the experience of some who have operated such 
plants that when more heat is needed than can be supplied by 
the exhaust steam the advantage lies with heating boilers, and 
when these are in good condition a greater degree of economy 
may be found in them than in turning live steam into either 
the exhaust or the live steam reheaters. 

7. Feed Water Heaters——In connection with the reheaters 
for the circulating system a feed-water heater will also be put 
in if the plant is non-condensing. This feed-water heater may 
or may not be used during the winter time, but in the summer 
time, when the heating system is not in use, it would serve to 
heat the feed water for the boiler. Exhaust steam from the 
engines must then connect with both the reheaters and the 
feed-water heater. 

8. O1l Separators.—An oil separator must be placed between 
the engine and the heaters to remove as much of the oil as 
possible from the exhaust steam before it enters the heater. 
The size of the separator may be taken directly from the manu- 
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facturers’ catalogues. Care should be exercised in selecting 
the type of separators, because the efficiency of the heater de- 
pends largely on keeping the surface of the tubes free from 
oil and scale. In some systems two oil separators are used 
instead of one. In no case is it possible to take out the entire 
amount of oil, but with a good arrangement of the system more 
than 95 per cent. should be removed. 

g. Botlers—A number of boilers will necessarily be installed 
in a plant of this kind, and a good scheme is to have them so 
piped with water and steam headers that any number of the 
boilers may be used for steaming purposes and the rest as 
water heaters. They should also be so arranged that any of 
the boilers may be thrown out of service for cleaning and still 
carry on the work of the plant. By doing this the boiler plant 
becomes very flexible and each boiler an independent unit. 
Any good water-tube boiler, such as the Babcock and Wilcox, 
Stirling, Wickes and others that might be mentioned, would 
serve the purpose both as steaming and heating boilers. Where 
the boilers are used as heaters, the water should enter at the 
bottom and come out at the top. Where the water enters at 
the top and comes out at the bottom, the excessive heating of 
the front row of tubes retards the circulation of the water in 
these tubes because of the natural draft given to the water by 
this heat, and produces a heavy circulation through the rear 
tubes where the heat is the least. This heavy circulation in 
the rear tubes is not a detriment, but it is less needed in this 
row of tubes than in the front ones. It would be decidedly 
better if the heavy circulation were in the front row, causing 
the heat from the fire to be carried off more readily, and by 
this means giving less danger of burning the tubes. With a 
downward circulation it has been found that the front rows of 
tubes soon burn out and have to be replaced. As stated above, 
the water should enter the bottom and come out at the top, in 
which case the circulation through the front row, where the 
fire is hottest, is greater than in the rear row, because the 
forced circulation from the pumps is aided by the natural cir- 
culation from the heat. The life of all the tubes then becomes 
more uniform. 

10. -Economizers.—Another method of reheating the cir- 
culating water is to pass it through pipe coils located in the 
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smoke passage between the boiler and the stack. This is called 
an economizer. Knowing the temperature of the stack gases, 
the area of the economizer surface may be estimated as in the 
reheaters. The amount of coil surface in an economizer, 
however, is more often decided by other things, such as the 
location and the cross sectional area of the smoke passage than 
from the theoretical calculations. It is never advisable to 
seriously restrict the smoke flue, since a good draft is neces- 
sary. Where an economizer is installed the free area at the 
coils must equal the area of the unobstructed flue. 

11. Piping System.—All piping in the power plant carry- 
ing circulating water should have long radius ells, and should 
be so laid that all the water may be passed through the re- 
heater, all through the heating boilers, or a part through each 
according to the requirement of the system. The piping at 
the pumps should be so arranged that each pump may be 
operated independently. This may be done by connecting 
both pumps to the main and return through long radius Y 
fittings having each branch properly valved. 

12. Regulation.—The regulation of the heat within the resi- 
dences is controlled at the power plant. In most heating 
plants a schedule is posted at the power house which tells the 
engineer the necessary temperature of the circulating water 
to keep the interior of the residences to 70 degrees at any out- 
side temperature. In other heating plants the regulation is 
by means of air carried from the compressor at the power 
house through a main running parallel with the water mains 
in the conduits and branching to each building where it is 
used under a pressure of 15 pounds to operate thermostats, 
which in turn control the water inlets to the radiators. A 
closer regulation is obtained in the latter system than in the 
former, but it is needless to say that the thermostats require 
careful adjustments and frequent inspections. 

13. Square Feet of Radiation that can be Supplied by One 
Boiler Horse Power when Used as a Heater.—Assuming that 
coal would be used in the plant with a value of 12,000 B. T. U. 
per pound, and that the efficiency of the boiler be 60 per cent., 
each pound of coal will transmit to the boiler 7,200 B. T. U. 
Since each pound of water takes up 30 B. T. U. on its passage 
through the heating boiler, one pound of coal will heat 240 
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pounds or 28.8 gallons of water. This is equivalent to supply- 
ing, under extreme conditions of heat loss, 28.8 square feet of 
radiation. In condensing, low-pressure steam gives up ap- 
proximately its latent heat, or about 966 B. T. U. per pound, 
and since each boiler horse-power is equivalent to 34.5 pounds 
of water evaporated at atmospheric pressure, we have one 
boiler horse-power equal to 33,327 B. T. U. Now since each 
pound of coal transfers to the water 7,200 B. T. U., one boiler 
horse-power would require 33,327 + 7,200 = 4.63 pounds of 
coal. One pound of coal we found to supply 28.3 square feet 
of radiation, consequently one boiler horse-power would, from 
the above figures, supply 4.63 X 28.8 = 133.24 square feet of 
radiation. Boilers are usually estimated for service per each 
100 H. P., consequently a 100 H. P. boiler would supply 13,324 
square feet of water-heating surface. 

These figures have reference to boilers under good working 
conditions and probably give average results. From tests 
made on one station of about the capacity of this one, it was 
found that about 50 per cent. of the entire coal fed to the heat- 
ing boilers could be saved by using exhaust steam from the 
lighting engines in the reheaters. It would, therefore, show 
that a 100 H. P. boiler in connection with this one lighting 
plant could be estimated at about 26,668 square feet of radia- 
tion. This figure, of course, would hold good only during the 
time when the electric lighting engines are in full service. If 
boilers are estimated at the latter values it would be necessary 
when the lighting service becomes low to take live steam from 
the steaming boilers and turn it into the reheaters to take the 
place of the exhaust steam from the engine, or to turn one of 
the steaming boilers into a heating boiler temporarily. Asa 
fair estimate of the amount of boiler service to be installed in 
the plant, it is suggested that enough boiler horse-power be 
placed to handle the steaming boiler service, and then, in ad- 
dition to this, install too H. P. of heating boilers for each 
18,000 to 20,000 square feet of heating surface carried on the 
lines. This gives some excess of boiler capacity, and permits 
one or more of the boilers to be thrown out of service tem- 
porarily for repairs and cleaning. 

From the above figures our plant will require, exclusive of 
pumps and smaller pieces of machinery, 800 H. P. boiler ser- 
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vice. This may be installed in three units of 275 H. P. each, 
or in four units of 200 H. P. each. 

14. Cost of Heating from a Central Station.*—It will be of in- 
terest in this connection to estimate the actual cost in supply- 
ing heat to one square foot of hot water radiation per year 
from the average central station. In doing this make the 
boiler assumptions as above. Take coal at 12,000 B. T. U. 
per pound with a boiler efficiency of 60 per cent. and coal at 
2,000 pounds per ton. Water enters the boiler at 150 degrees 
from the returns, and is delivered to the mains at 180 degrees. 
From the value of the coal as stated, we would have 14,400,000 
B. T. U. per ton given off to the water. This is equivalent to 
heating 480,000 pounds, or 57,554 gallons of water. If one 
ton of coal costs, say, $2.50 at the plant, we have 


250 + 57,554 = .0043 cents. 


This represents the amount paid to reheat one gallon of 
water, or to supply one square foot of heating surface one 
hour under extreme conditions. Take an average tempera- 
ture for the seven cold months at, say, 32 degrees Fahrenheit 
(figured about as follows: October, 50 degrees; November, 30 
degrees; December, 15 degrees; January, 10 degrees; Feb- 
ruary, 20 degrees; March, 40 degrees; April, 60 degrees), we 
then have an average difference between the inside and outside 
temperatures in any residence of 70 — 32 = 38. This makes 
the formula for the heat loss reduce to 38-70 = .54 of its 
former value. Now if it takes one gallon of water per square 
foot of radiation per hour under maximum conditions, we have 
for the seven months .54 X 7 X 30 X 24 = 2,722 gallons of 
water needed for each square foot of radiation per each heating 
year. This is equivalent to 2,722 K .0043 = 12 cents per 
square foot of radiation for the heating year of seven months, 

Where the plant is working under the best condition this 
figure should be reduced. It can be done with boilers of a 
higher efficiency than that stated, and it can be done by using 
a cheaper coal, both of which are possible in many cases. 


* Taken on basis of coal supply only. 
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DISCUSSION. 


The Chairman: Now, proceeding with the discussion on this 
paper, we have two written discussions on Professor Hoffman’s 
paper. I will ask the Secretary to read those. 

The Secretary: The first is a discussion by Professor Kent. 
He asks, “ Why is 7 feet per second taken as the velocity of water 
in pipes at the power plant instead of some other figure, and why 
5 feet in the outlying mains?” He also says, “ Page 14, Heavy 
circulation; should this not be ‘ rapid’?” Here are two other 
questions: 

“Query: What is the best system of covering pipes and of 
making conduits for pipes for central heating stations? ”’ 

“ How do you figure the probable loss of heat in transmission 
from a central power station to the point where the hot water 
is used for heating? ” 

Here is a discussion from Mr. H. J. Barron. (The Secre- 
tary then read the following written discussion on Mr. Hoff- 
man’s paper, by Mr. H. J. Barron.) 

Mr. Barron: I question the word “ success” in Professor Hoff- 
man’s valuable paper. I think engineers to-day feel that it is dif- 
ficult to make central-station heating pay, and yet they think that 
this ought not to be so; I propose taking the attitude. of believing 
that before long there will be such improvements that heat will 
be successfully and cheaply distributed by wire as power and 
light are now, and that pending this advance in many cases it is 
better to use exhaust steam supplemented with live or its equiva- 
lent than hot water. The Electrical Review of June 24, 1905, 
has what I would call.a symposium on this subject. Mr. Jas. 
E. Pyle, one of the contributors, describes a steam system with 
small pipes and graduated valves that is interesting. 

In the Street Railway Journal of May 27, 1905, page 934, 
descriptive of The System of the Bloomington and Normal Rail- 
way, Electric and Heating €o., Mr. C. H. Robinson describes 
the Yaryan hot-water system. 

The secret of the success of the hot-water system is the pump, 
and I would suggest that the same be applied to circulating ex- 
haust steam, of course using a gas compressor; this would allow 
the use of very small pipes. 

I want to say here that Professor Hoffman will find that his 
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paper does not “ initiate,” as this subject was covered by Mr. W. 
H. Bryan in Vol. VII. (year 1901) of our Proceedings. Progress 
generally, I have to admit, seems to be in the direction of hot- 
water circulation by means of a pump, the exhaust passing 
through hot-water heaters similar to closed feed-water heaters; 
the main pipes for the plant supplying 100,000 square feet of 
radiation are 10 inches supply and return, the pressure on the 
supply being from 50 to 75 pounds, and on the return one-half 
of this; practically the same as Professor Hoffman’s design. It 
seems to me that exhaust steam, directly pushed into the heating 
mains with a positive forced blast blower similar to a cupola 
blower up to 75 pounds (see Innes on Fans), or an air compres- 
ser, ought to give better results, or in lieu of this, the vacuum 
system. If exhaust steam was put through an economizer (not 
the cheap design the Professor describes) on its way to the mains 
and superheated and then circulated on the vacuum system, the 
radiation supplied being merely the condenser for the system, 
I believe this would show economy, even by throwing away all 
the returns, as experience seems to show that it is not expedient 
to return the condensation in a central-station heating plant. 

[ believe there is no difficulty about taking all the exhaust from 
the engines, putting it through an economizer (I refer to the 
cast-iron economizer with scraping mechanism), and reheating 
it with the waste gases and sending it out from the station for 
both heating and power purposes. If 150 pounds pressure is 
carried on the boilers, steam at 75 pounds can be sold to con- 
sumers. ‘The exhaust can be taken from the engines and com- 
pressed into the economizer, or it can be taken from the econo- 
mizer and forced into the mains for distribution. The work 
of compression in either case costs nothing. (Notice, I say the 
work. ) 

Every gas engineer knows that compressing the charge in the 
gas engine costs nothing, and every air engineer knows that the 
work of an air compressor is stored in the fluid compressed, and 
therefore costs nothing. This advantage of being able to sell 
power at ordinary working pressure as well as heat is well worth 
considering. The method here proposed is better than the hot- 
water system under pressure tried in Boston extensively some 
years ago. The water was there heated in boilers and put 
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under such a pressure with pumps that when it was released it 
flew into steam at ordinary working pressures. 

It is possible that the reheating of the exhaust could best be 
done when the gases have only partly gone through the boiler, 
or that designs of boilers in which the gases escape at a com- 
paratively high temperature would be necessary, but that is a 
mere detail. 

Professor Hoffman certainly has waked up to the fact that this 
field is important, but save us from home-made economizers of 
the pipe-coil type; they cause no end of trouble, they fill up with 
dirt and give out in a short time, and they are never efficient. The 
cast-iron economizer is almost perfect. 

Possibly central station distribution will develop in this way; 
steam of excessively high temperature will be used primarily in 
the ordinary reciprocating engine, and the exhaust from the last 
of a series of such engines, instead of going to the condenser, will 
go to a Siemens regenerative re-heater as used by Professor 
Rateau and from thence to turbines and condenser, and the 
power and heat distribution will be all by wire. 

[ recently came across a problem of using the exhaust from a 
number of large gas engines in a central-station plant by means 
of an economizer, using the water for a central-station heating 
system. If the Professor had proposed taking waste gases from 
large blast furnaces through a set of economizers and using the 
water for a central-heating station circulating pump system, I 
would agree with him, but this problem requires caution to gain 
anything like success. 

Mr. Schott: I think if Mr. Barron would carry his plan down 
to a practical basis instead of dealing with a theoretical basis 
he would find when he got through that he had spent from 25 
to 40 per cent. more power in the compression than by directly 
turning the steam into the main. I had that idea several years 
ago, and I found I had to expend 2,500 horse-power in order 
to deliver 1,600 horse-power to the customer. 

The Chairman: Any further discussion? Mr. Hoffman, will 
you answer the question, or will you wait and submit a written 
answer ? 

Mr. Hoffman: In answering Professor Kent’s question as re- 
gards velocities 5.and 7 feet per second, I would say that I ob- 
tained those velocities by estimating the flow of water in the 
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mains of existing plants. They consequently have no theoretical 
foundations so far as this paper is concerned. 

In Section 9, Professor Kent questions the word “ heavy” as 
applied to circulation of water, and suggests the word “ rapid ”’ 
instead. I believe this is a good suggestion. 

Reviewing the discussion by Mr. Barron, I think that he mis- 
understands the object of the paper. It w~s the intention to dis- 
cuss the principles involved in the design of one plant rather 
than to make comparisons between various plants. It seems 
that most of the papers on central-station heating have hereto- 
fore dealt with statements of existing conditions, and did not 
attempt to show the reasons which have controlled these condi- 
tions. My object here is to develop a line of reasoning which 
would naturally be followed in the production of any one plant 
of the kind mentioned. In this sense only has the word “ initia- 
tive,’ Section 1, been used. 

As regards the economizer, I am sure that any brief statement 
such as may be given here would not be very satisfactory. The 
subject is a very comprehensive one and comprises many forms 
of design. In each type, however, the principal thing to be con- 
sidered is the “ amount of heating surface’ necessary. This may 
be found in the same way as indicated under “ heaters,” by using 
varying constants of transmission for the metals involved. 

Mr. Schott: I would like to ask Professor Hoffman one or 
two questions. You said in the plants you examined you found 
the velocity 5 to 7 feet per second. Is it not a fact that those 
plants were plants what you would term “ overloaded”? They 
were not plants working within their normally rated capacity, 
were they? : 

Mr. Hoffman: They were plants that were working under 
what I considered a maximum load. In designing a system I 
take the maximum conditions for “ heat loss’ and “ water sup- 
plied.”” For example, take the heat loss as figured during the 
day with zero outside temperature. Having figured from this 
basis, it will be necessary to provide for extraordinary conditions 
by increasing the temperature of the supply water. 

Mr. Schott: I think you will find, as I take it from your paper 
there, the capacity that you specify there is about an average, not 

the maximum. You can take a certain amount of water radiation, 
if the temperature is carried as you have carried it, but when you 
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get down to 10 or 12 below zero, you run into something dif- 
ferent. There is one feature that is particularly vital in a plant 
of that kind which you have not touched on, which is just as 
important as the plant itself, and that is the rules to be followed 
in the equipping of buildings. If you equip a building with radi- 
ation with 600 square feet of surface to do the work where you 
ought to have 1,000, you will be short 40 per cent., and get a 
60,000 foot plant instead of a 100,000 foot plant, but have a 
100,000 foot plant to operate with an income from 60,000 feet. 
With the velocities you have there, three feet per second, you 
are going to have a system that costs money to operate. 

Mr. Hoffman: The temperature I assumed for the water leav- 
ing the re-heaters (or the water leaving the boilers) was 180 de- 
grees. This gives a chance to raise the temperature to 212 de- 
grees if you wish. This would increase the capacity of the plant 
(since a drop of 30 degrees only was allowed) over 100 per cent. 
The figures given check very closely with the Lafayette plant, 
which is now carrying easily 110,000 square feet of heating 
surface. 

Mr. Schott: I can see through the whole paper: the Lafayette 
test, because we turned it over to the University there, gave them 
all the freedom and assistance we could. But some of the con- 
ditions existing the first year under the light load do not now 
exist. Taking a plant light loaded, as compared with one heavy 
loaded, and you will find that your efficiencies change very rap- 
idly as you get high velocity in your circulating water. Using 
the minimum outside temperature, you get the minimum drop 
in your mains due to the more rapid circulation in the mains. 
That has to be considered. In giving the capacity of the plant 
you must take the minimum outside temperature; we figure it 
100 degrees differential, because the difference between 70 and 
the temperature you get and the allowance for windage will re- 
quire that. I think you will be short when it comes to maintain- 
ing an average of 70. ; 

Mr. Hoffman: I have still another plant in mind that was 
tested two years ago. It was designed to supply 0.6 gallons per 
square foot per hour. They were giving at that time fairly good 
service, and it was below zero on the outside temperature. 

Mr. Schott: They did one good job, if they heated that with 
radiation; there is where they all fall down. 
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Mr. Hoffman: Well, I agree with you that this is an important 
point. 

Mr. F. N. Jewett: It is obvious that the capacity of the mains 
of a forced circulation system depends upon the head or pressure 
produced by the circulating pump. I am acquainted with one 
central-station heating plant at Marion, Indiana, where a 7-inch 
main pipe has carried satisfactorily 110,000 square feet of radi- 
ation in weather 15 degrees below zero, with circulating pres- 
sure of 42 pounds. 

Mr. W. H. Schott : Forty-two pounds differential ? 

Mr. Jewett: Yes. 

Mr. Harvey: I would like to ask some of these gentlemen if 
they know of any first-class central heating plant that has paid 
any dividends after the first five years? 

Mr. Schott: I will answer the gentleman’s question. I would 
like to say that out of 250 steam plants built in the United States 
very few of them have been dividend payers. Out of 75, or ap- 
proximately that number of water plants it has been very hard 
to get statistics, due to the fact that they have slipped their heat- 
ing income in with their electric lighting. There is only one 
central plant on the water basis that is operating on a fuel basis, 
and that is at Terre Haute;. this has been in operation one year. 
That plant took care of its interest on the bonds and paid three 
per cent. upon its stock the first year. It is expected that it will 
pay 8 per cent. next year. Their coal on track costs 85 cents 
a ton. Coal to the wholesale consumer costs from $2 to $2.25, 
assuming he uses soft coal. If he consumes hard coal it costs 
from $7.50 to $9. The price for radiation is based upon $9 for 
hard coal. They have carried their business the past year on coal 
at 85 cents a ton; it costs 5% cents per square foot for fuel; 
charging 17 cents per square foot. Charging 17 cents with the 
plant loaded 60 per cent. of its capacity, it is costing 8 cents per 
square foot; you have a differential of between 8 and 17 to take 
care of the capital account. The capacity of the plant is 400,000 
feet. The cost per square foot of the plant when it is fully com- 
pleted will not exceed 60 cents per square foot; so that 60 cents 
per square foot is the capital account, and with 9 cents to come 
and go on, you can see where the dividends are going to come 
in. If you have $3 coal you have to raise the price accordingly. 
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The idea that you can sell heat at 12 or 15 cents per foot regard- 
less of fuel conditions is wrong; you cannot do it. 

Mr. Harvey: I have seen a good many cases that you could 
figure out on paper; I have seen a good many plants started, and 
I think they pay dividends for the first few years; but 1 supposed 
it was like a lot of other stock operations, it was done from the 
proceeds of the stock, not from the proceeds of the earnings of 
the plant. That was why I asked the question if any gentleman 
knew of a plant that had been running five years, when their 
surplus money has been used up. There are some repairs that 
have to be paid for, and so forth. I just wanted to know from 
those most interested if they could cite some case where there 
had been a profitable investment with a running plant. 

Mr. Jewett: At Red Oak, Iowa, the Electric Light Company 
installed six years ago a central-station heating plant, using the 
exhaust steam from the electric light engines for heating the 
water in the system. 

Red Oak is comparatively a small town, having about 5,500 
people. The lighting plant had been established for some years 
previous to the installation of the heating plant. The original 
cost of the heating system was about $15,000. That represents 
capital account. 

Within two years from the establishment of the heating plant 
the gross revenue from heating service amounted to $7,500 per 
annum. The company’s coal account was increased by about 
$1,000 per annum. No added labor is required. During the 
winter months one added man spends part of his time visiting 
the customers to see that all are satisfied, to pack a few radiator 
valves, etc. This costs about $40 per month, or for 7 months 
= $280. 

So, leaving out of account interest and depreciation, the operat- 
ing expense chargeable to the heating system amounts to less 
than $1,500 per annum. F 

This leaves about $6,000 for interest, depreciation and repairs, 
a handsome showing on the investment. The plant has been in 
for six years, and up to the present no repairs worth mentioning 
have been found necessary. 

Mr. Schott: Take a modern central station such as are being 
built to-day and there is no reason why the depreciation account 
should not be within four per cent. There is no question but 
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what if a power plant is built in conjunction with some other 
industry, which has a large volume of exhaust steam, that it bet- 
ters the enterprise, due to the utilization of the waste. But prices 
for heat, and every detail, to be certain, ought to be founded 
just the same as if it was on its own bottom. In other words, 
the proposition ought to be good enough to stand on its own 
bottom. That is what we have been fighting for for the last 
five or six years, the thing we have been trying to establish, 
and the thing we are going to establish, and that is that the 
central heating plant will stand on its own bottom, and take 
care of itself if you build your plant right and take care of your 
people right, because that is what you make success with. 
You may take a building and equip it properly, and for the 
time being you may obtain fair results, but if properly 
equipped from the beginning, and put on the proper basis, 
your returns will be much greater. There is no proposition, no 
industry that is more staple, and after the first year, when you 
do the hustling and satisfy your customers that the plant is ail 
right, then they will do the talking for you. 

Mr. Davis: Answering Mr. Harvey’s question, I will say-I 
know of a plant that has been in operation several years and it 
has never paid less than 8 per cent. dividends, the Consumers’ 
plant at Bloomington, JIl. I assume and know that it is some- 
what due to the fact that they furnish power as well as heat, and 
they will not furnish a man heat unless they have his lighting. 
But they have never paid less than 8 per cent. 








CXLVII. 
DRYING BY STEAM, HOT ALK AND WASTE GASES. 


BY HUGH J, BARRON, 


It may be possible that, in the future, electrical drying will 
supersede other methods, but as we are in and part of the tran- 
sition period, we will confine ourselves to those methods which 
have been developed in the last hundred years. I recall, while 
working as a fitter’s helper or apprentice in the large woollen 
mills around Philadelphia thirty years ago, that the large drying 
rooms had large I-inch trombone mitre coils extending over 
the floor area. These coils were about 20 feet long, with mitres 
about 2 feet, and were about 15 pipes wide. The shoddy and 
other material to be dried was placed over the coils, 60 pounds 
of steam being used in the coils, which was considered high 
pressure at that time. 

This was not an economical method. As a matter of fact, 
drying does not lend itself to economy. It is, in most cases, 
rather wasteful, but there is no reason why it should be un- 
economical, except that the art is more or less of a side issue 
with those who should be experts in its development. 

The matter of this paper was suggested by a talk I had re- 
cently with one of the ex-presidents of this society. He said 
that one of his customers had determined to install exhaust 
fans in his cloth-drying room. He advised him strongly not 
to use exhaust fans for the purpose, as, in his opinion, the 
proper way to dry material like wet cloth was to force warm 
air into the drying roomy that where disc fans were used to 
exhaust the air in connection with direct heating coils, the leak- 
age of air through the walls and around the windows nullified 
the drying effect by reducing the temperature of the air in the 
room. ‘He further said that it was noticeable wherever this lat- 
ter system was used that the drying rooms had wet floors, 
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whereas, where the air was forced in hot, the moisture was 
carried entirely out of the ventilators. 

The problem is to force a certain volume of air into and out 
of the drying room, changing the air in this room every five 
to ten minutes, the temperature of the air as well as the rapidity 
of the change depending upon the moisture and the outside 
atmospheric conditions. 

The primitive manner of drying all material is by exposure 
to the sun, and, in most processes of manufacture, the best re- 
sults are produced by open-air drying. This is particularly true 
of leather tanning. 

Baldwin, in his book “ Steam Heating for Buildings,” page 
188, fourth edition, says: 


“Tt is not profitable to dry by forcing air, as with a fan 
or blower, in connection with steam coils.” 


This was said a little over twenty years ago. ‘Since then, 
drying by fan blowers has practically superseded all other 
methods. 

In Babcock & Wilcox’s catalogue “ Steam,” it is stated: 


“The philosophy of drying or evaporating moisture by 
heated air rests upon the fact that the capacity of air for 
moisture is rapidly increased by rise in temperature. If 
air at 52 degrees is heated to 72 degrees, its capacity for 
moisture is doubled and is four times what it was at 32 
degrees. r 

“ For each 15 pounds of water required to be evaporated 
per hour in a drying room, one horse-power of boiler, 130 
square feet of steam pipe and 14,000 cubic feet of air are 
required under good conditions.” 


In the twenty-first edition of this book, 1896, there is added 
a table, which gives the weight of a saturated mixture of air 
and aqueous vapor at different temperatures up to 160 degrees, 
together with the weight of vapor, in pounds and percentage, 
and total heat, the portion contained in the vapor and the 
quantity of air required per pound of water. 
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SATURATED MIXTURES OF AIR AND AQUEOUS VAPOR. 











: | Weight of : Dry air required for 
Temper- bine oy 4 water in 100} Per cent. a cane Per cent. vapor in mixture. 
mg 1 of mixture | C¥D. ft. of | of water | Gf mix.| Of heat in | 
. Fahr. mixture | in mixture. F vapor. | ' 

. —_ | wa ture. | Lbs. Cub. ft. 
35 8.004 | 0.084 0.42 42.8 86.69 234.4 3,080 
40 7.920 | 0.041 0.52 59.8 76.59 | 192.2 2,526 
45 7.834 | 0.049 0.62 77.7 68.98 | 158.9 2,088 
50 7.752 | 0.059 0.76 97.6 66.29 | 130.4 1,714 
55 7.688 | 0.070 0.91 118.3 64.58 | 108.5 1,326 
60 7.589 0.082 1.08 140.1 64.31 | 91.6 1,208 
65 7.507 0.097 1.29 164.9 64.76 | 76.4 1,004 
70 7.425 0.114 1.49 189.7 66.21 | 66.0 868 
% 7.842 0.134 1.7 221.6 66.74 | 55.0 | 723 
80 7.262 0.156 2.15 253.6 68.02 | 45.6 | 599 
85 7.178 0.182 2.54 289.7 69.66 | 38.4 505 
90 7.108 | 0.212 2.98 330.2 71.19 | $2.5 | 427 
95 7.009 | 0.245 8.50 373.4 72.87 | 27.6 363 
100 6.924 | 0.283 4.08 422.0 74.58 23.5 308 
105 6.830 | 0.325 4.76 474.7 76.22 | 20.0 263 
110 6.741 0.373 5.23 533.9 77.88 17.1 224 
115 6.650 0.426 6.41 599.1 7952 | 14.6 192 
120 | 6.551 0.488 7.46 72.4 81.14 | 12.6 163 

15 | 6.454 0.554 8.55 750.5 82.62" | 10.7 140 
130 =| ~—s«6.847 0.630 9.90 839.4 84.13 | 9.1 | 118 
135 6.238 0.714 11.44 936.7 85.57 | 7.7 102 
140 6.131 0.806 13.14 1,042.7 86.89 | 6.6 87 
145 6.015 0.909 15.11 1,160.6 88.18 | 5.6 74 
150 5.891 1.022 7.33 1,288.4 89.39 | 4.8 63 
155 5.764 | = 1.145 19.88 1,427.4 90.53 4.0 53 
160 5.679 1.383 23.47 1,638.7 91.93 3.3 43 














By an inspection of this table, * It will be seen why it is more 
economical to dry at the higher temperatures. The atmos- 
phere is seldom saturated with moisture, and in practice it will 
be found generally necessary to heat the air about 30 degrees 
above the temperature of saturation.” 

I am inclined to believe that in any drying problem the im- 
portant fact is to get the saturation of the material, the amount 
of water per pound or per ton it contains, then to figure the 
number of heat units necessary to vaporize this moisture, which 
approximates the latent heat of steam at 212 degrees, 965 
B. T. U. per pound of moisture and then to supply a volume of 
air containing these heat units which will absorb the required 
volume of moisture or water. 

In an article on Drying Rooms, by J. L. Bixby, Jr., published 
in “ Heating and Ventilation,” December, 1895, the author 
says: 


“The philosophy of drying is the fact that heated air 
will absorb moisture as a sponge absorbs water. When air 
has taken up all the moisture that it can, it is said to be 
saturated. Air charged with vapor is lighter than air not 
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so charged. -Damp air has 85 per cent. moisture; moder- 
ately dry air, 65 per cent.; dry air, 50 per cent.; very dry 
air, 35 per cent.; extremely dry air, 25 per cent. For each 
increase of 27 degrees in temperature, its drying capacity is 
doubled. For laundry work, 130 degrees is most satisfac- 
tory. Five hundred feet per minute is the proper velocity of 
air in drying rooms. Exit and inlet should be located at the 
floor line of the drying room. The radiation required for 
drying rooms is I square foot to each 3 cubic feet of space. 
When hot water is used, the radiation should be doubled. 
For fresh air supply, allow 2 square inches per square foot 
of heating surface, and for exit openings 50 per cent. addi- 
tional. Clothes after wringing average in weight one 
pound to the square yard. For screening the air supply 
to drying rooms, cotton cloth screens should be used.” 


Some lines of drying, like laundry and lumber drying, have 
become stereotyped and the lines of practice are well estab- 
lished. Other lines are in the experimental stage and new de- 
velopments in manufacture are constantly bringing up new 
problems. 

A great deal of time and money has been spent in experi- 
menting with brick drying in connection with machine brick 
making. Until recently, large massed box coils were placed in 
the bottoms of the tunnels and the brick cars were passed over 
them. High-pressure steam was used in the coils and the tops 
of the tunnels had ventilators. This was supplemented by ex- 
haust fans forcing in air at the wet end or entrance. At the 
present time, brick drying is almost entirely hot blast,-a blow- 
ing fan and stack forcing hot air into the tunnels. One of the 
trade catalogues referring to a brick-drying tunnel states: 


“The end of the dryer opposite the heater is termed 
the green or wet end. Into this end the cars are rolled 
when filled with fresh soft bricks. If at this stage they 
were subjected to the high temperature of the heater end, 
cracking and warping would take place. Not until part 
of the moisture is removed and the bricks prepared for in- 
crease of temperature are they moved forward towards 
the other. end. The space thus left is filled with cars of 








226 DRYING BY STEAM, HOT AiR AND WASTE GASES. 


fresh brick, making the process continuous. A single 
tunnel 100 feet long, 5% feet wide by 5% feet high, will dry 
10,000 stiff mud bricks every twenty-four to forty-eight 
hours, nearer forty-eight than twenty-four, depending 
largely on skill and management.” 





In regard to tobacco drying, Baldwin states that to be effec- 
tive it requires direct heating from coils. The average tobacco 
factory in the north, however, depends upon hot blast heating 
in the drying room. 

The following extract is taken from an article on “ Steam 
Engineering in Paper Mills,’ by E. S. Farwell, published in 
“ Cassier’s Magazine” for May, 1905: 





“The ventilation of the machine room is an unusually | 
important problem. For every ton of paper made, two 
tons of water must be evaporated and carried off by the 
air of the room before it condenses on the cool surfaces. 
There are often two machines in each room, each making 
a ton or a ton and a half of paper every hour. 

“One pound of air at 132 degrees temperature will 
carry 0.1177 pound of water at saturation, or at 80 per 
cent. saturation about 0.09 pound of moisture. One pound 
of air at zero temperature and 60 per cent. saturation con- 
tains 0.0005 pound of water, which may be neglected. . For 
each ton of paper made in twenty-four hours, there will 
be given off 166.7 pounds of water per hour, which will 
require 1,852 pounds or 460 cubic feet of air per minute 
to absorb it. 

“The amount of heat required to raise this air from 10 
degrees below zero to 132 degrees above is found by mul- 
tiplying the weight of air by 0.2375 and by the difference 
in temperature, or 142., In addition to the volume of air 
computed by this method, there must be in large rooms, 
having no hoods over the machines, more air provided, 
which, in all probability, will short circuit and not absorb 
its proportionate amount of moisture. Many successfully 
ventilated machine rooms have an air change every two 
to six minutes. With a properly designed system it is not 
necessary to change so often.” 
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The drying rolls of such machines are generally enveloped 
in a hood, which is usually fitted with two 48-inch disc or pro- 
peller fans capable of exhausting from thirty to forty thousand 
cubic feet of air per minute. In cold weather air is forced into 
the machine room at a temperature of about 90 degrees, so 
that we have in the machine room of a paper mill what is con- 
sidered the best practice to-day in heating and ventilating, 
viz., hot air forced in at whatever temperature required and 
local ventilating fans exhausting air wherever necessary to meet 
special conditions. 

In brick drying and in some other lines of industry of a simi- 
lar nature where there are kilns which waste gases of high 
temperature, these gases are taken up by a fan and forced 
through the drying tunnels or rooms. Disc fans are employed 
for exhausting and giving a thorough circulation to the waste 
gases. 

In drying lumber, part of the moist air is returned to be 
reheated, while the very wet air is forced out of the loading 
end. If the lumber has been previously partially air dried, 
there is some saving in returning a part of the air from the kiln 
to the heater. It usually takes a week to dry ordinary one inch 
stuff, such as yellow pine. 

The essential principles in all drying are large volume of air 
and not particularly high temperature. This is why open air 
sun drying is so satisfactory. In lumber drying the moisture 
vaporizes and passes off, but if the temperature is too high the 
resin in the wood will harden and, bursting from expansion, 
will cause checking of the wood. Where it does not do this, it 
is apt to leave the lumber non-elastic and brittle. The moist 
air which is returned is often blamed for causing this condition 
and also for staining the lumber. - 

In drying wool, cotton, silk, jute, pine fibre, rubber, etc., the 
material should be placed in a bed made of wire screen of 
almost any mesh. The screen is kept in constant motion and 
large volumes of air passed through it. The screen is so ar- 
ranged that all the air must pass through it. 

There is in almost every heating and ventilating job a drying 
problem. 

In regard to the paragraph I quote from Mr. Farwell’s 
article, ‘‘ For each ton of paper made in twenty-four hours, 
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there will he given off 166.7 pounds of water per hour, which 
will require 1,852 pounds of air per hour or 460 cubic feet of 
air per minute to absorb it,” it will perhaps help those who 
study it to call attention to the following statement in an earlier 
part of Mr. Farwell’s paper: “ The amount of steam that should 
be required to dry paper can easily be calculated after making 
several more or less uncertain assumptions.” It will be fair 
to assume that for every pound of paper made two pounds of 
water must be evaporated. The temperature of the water as 
it comes from the presses may be assumed to be about 65 
degrees; to evaporate it into steam will require 1,113 B. T. 
U. per pound of water. In modern machines the steam pres- 
sure in the dryers is carried at from I to 6 pounds. The water 
as it leaves the dryers will have a temperature of about 210 
degrees. One pound of steam at 5 pounds pressure contains 
1,183 heat units, of which it will give up 1,183-210 heat units, 
which equals 973 heat units. If, then, all of this heat went into 
the water of the paper, the amount of steam required per pound 


2X 1113 


of paper would be = 2.29 pounds. This clearly indi- 


cates one point to be carefully watched. The basic problem in 
all drying is merely the evaporation of so much water in the 
form of moisture. 

In considering this, it is well to keep in mind the following: 

One B. H. P. will evaporate 20 pounds of water or moisture 
with the blower system. One cubic foot of air at a tempera- 
ture of 50 degrees will absorb 5 grains of water. At a tem- 
perature of 75 degrees, it will absorb 10 grains; at 100 degrees, 
it will absorb 20 grains; at 150 degrees, it will absorb 75 grains; 
at 200 degrees, it will absorb 200 grains. Seven thousand 
grains equal I pound. 437.5 grains equal I ounce. 33.305 
B. T. U. equal 1 H. P. One pound of air contains 12.387 
cubic feet at 32 degrees F. - Thirty-three B. T. U. will warm 
I pound of air from zero to 135 degrees. One lineal foot of 
I-inch pipe at 215 degrees will warm 3 cubic feet of air from 
zero to 130 degrees. 

The engineer sometimes requires a closed air heater to 
utilize waste gases for drying purposes. Fig. I represents a 
late design of air heater which, in connection with a fan, will 
supply a large volume of air for drying purposes and utilize 




















DRYING BY STEAM, HOT AIR AND WASTF. GASFS. 229 


gases that would otherwise be wasted. Tig. 2 is a half section, 
showing the top and bottom section. The headers are sloped 
in opposite directions, admitting of a greater opening at the 
sectional openings of the headers, where the largest volume 
of air has to pass. The air leaves the heater at the top hot 
end where the gases first strike the tubes. 

In air heaters, I assume the transmission per square foot per 
degree difference of temperature is about 1.25 B. T. U. per 

















hour. In giving 1.25 B. T. U. for the transmission per degree 
difference of temperature, I assume that the mean difference 
transmission corresponds to economizer practice, the average 
of which is 2.5 B. T. U., and with boiler tubes at the higher 
temperatures is 5 B. T. U. per square foot per hour. The 
transmitting efficiency is still further increased, at least 50 per 
cent., by the air being forced by a fan through the tubes~at a 
high velocity. 

At a temperature of 32 degrees under a pressure of 29.92 
inches of mercury, a cubic foot of air weighs 0.081 pound. 
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The volume of one pound of air at 32 degrees is 12.387 cubic 
feet; at 70 degrees, it is 13.342; at 212 degrees, it is 16.91; at 
360 degrees, it is 20.63; at 550 degrees, it is 25.403; at 650 
degrees, it is 27.915; at 800 degrees, it is 31.864; at 1,000 de- 
grees it is 36.811; at 2,000 degrees, it is 61.04; at 3,000 de- 
grees, it is 87.13. One pound of air at atmospheric pressure 
of 14.7 pounds at 3,000 degrees F. has a volume of 87 feet, so 
that in figuring transmission of heat between surfaces per 
square foot, it is important to consider the volume due to the 
temperature. After multiplying by the number of B. T. U. 
absorbed per degree mean difference, it is necessary to also 
multiply by the decimal .2375 in order to obtain the specific 














heat of air. When air is the absorbent, a B. T. U. has about 
three and three-fourth times the heating capacity that it has 
where water is the absorbent. 

Specific heat of air is 0.2375 when water is unity. To heat 
a pound of air from any temperature A, through a given num- 
ber of degrees B, to a temperature A + B, will require only 
0.2375 as much heat as would be necessary to raise a pound of 
water through the same number of degrees. 

Let us consider a room 30 feet long, 10 feet wide and 10 
feet high, having a window at one end and a door at the other. 
In this room are hung on ordinary drying horses 400 wet 
woollen blankets, each blanket having about 5 pounds of water, 
or a total of 2,000 pounds of water to be dried out in a reason- 
able time. The temperature of the room and the blankets is 
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60 degrees. To evaporate and absorb one pound of water at 
60 degrees requires about 1,200 B. T. U. 2,000 X 1,200 = 
2,400,000 B. T. U. to be supplied in air. One pound of air at 
go degrees contains about 300 B. T. U., which is equal to about 
14 cubic feet. 2,400,000 + 300 = 8,000 pounds of air, which 
is equivalent to 112,000 cubic feet, the amount necessary to 
dry the blankets. This amount of air per minute from a 
blower should dry the material in an hour, if the reasoning is 
correct. 

If it takes only .238 as much heat to raise the same weight 
of air as it would to raise a similar weight of water, the air- 
heating surface, instead of transmitting only one-fourth as 
much heat with air as with water, will transmit nearly four 
times as much, or 10 B. T. U. per degree mean difference of 
temperature per square foot per hour. 

Thomas H. Huxley, in his essay on René Descartes’ Dis- 
course on Method, says: “‘ There is a path that leads to truth 
so surely that any one who will follow it, must needs reach the 
goal whether his capacity be great or small.” This statement 
gives me hope that we will reach the correct relative trans- 
mission per degree difference per square foot of surface per 
hour between hot gases and cool air. 


LITERATURE ON THE SUBJECT. 


In addition to the articles already mentioned, the following 
works bear upon this subject, taken from the Engineering 
Index: 


Drying Coal, American Society of Mechanical Engineers, 18th 
vol. 

Drying Paper Pulp by Hot Water, American Society of Me- 
chanical Engineers, 8th vol. 

Determination of Humidity in Drying Plants, by Paul Fuchs, 
Gesundheits-Ingenieur, October 31, 1899, Muenchen, 
Bavaria. Three thousand words. 

Drying Installations, by M. Grellert, Gesundheits-Ingenieur, 
May 25, 1898. Twenty-five huadred words. This paper 
gives various methods of figuring quantities of heat re- 
quired for given results in drying. 

Modern Drying, the theory of air drying apparatus, Zeitschrift 
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des Vereins Deutscher Ingenieur, Berlin. Three thou- 
sand words. 

The Principle and Construction of Drying Plants, by Prof. P. 
Pfeifer, Gesundheits-Ingenieur, February 15, 1898. Four 
thousand words. 

Plumbers and Fitters Hand-Book, published by the Inter- 
national Correspondence Schools, Scranton, Pa., contains 
a useful article on drying. 

Wool Drying, Scientific American Supplement Index. 

Theory of Drying, Scientific American Supplement Index. 

Catalogues of the numerous blower manufacturers. 

Humidors for measuring the humidity should be used in all 
drying-rooms ; I understand that Mr. Sutcliffe when he was over 
here from England a short time ago said he was surprised, that 
the art of drying as practised by us was away behind the ad- 
vanced practice on the other side; I have only learned recently 
that there are several companies in this country making an ex- 
clusive specialty of drying. 


DISCUSSION. 


Mr. Chairman: Any discussion? 

Mr. Chew: Mr. President, I think it was last January we had 
a paper treating on humidity in connection with heating, more 
particularly for heating buildings to be occupied by people. It 
strikes me that this paper, taken in connection with that, will 
give some information that the other paper did not contain. 

Mr. Scott : On page 9 of his paper, Mr. Barron makes the state- 
ment: “ When air is the absorbent, a B. T. U. has about 334 
times the heating capacity that it has where water is the ab- 
sorbent.” A literal reading of this statement would give the 
impression that a B. T. U. is a thing of variable capacity in- 
stead of the fixed mathematical quantity which it is supposed 
to be. And while from the context it is clear that Mr. Barron 
is referring to the differences in effect upon air and water pro- 
duced by a given quantity of heat, it may still be in order to 
direct Mr. Barron’s attention to this irregularity in description 
in an otherwise excellent paper. 

Mr. Jewett: On page 10, the second paragraph, the writer 
says: “If it takes only .238 as much heat to raise the same 
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weight of air as it would to raise a similar weight of water, 
the air heating surface, instead of transmitting only 4 as much 
heat with air as with water, will transmit nearly four times as 
much or 10 B. T. U. per degree mean difference of temperature 
per square foot per hour.” I hardly think that reasoning will 
hold. If I understand him correctly, he assumes that with a 
sheet of metal having air on both sides, he gets 10 B. T. U. per 
square foot per hour per 1 degree of difference between the two 
sides. He can’t do it. 

Mr. Davis: On pages 4 and 5 the author describes a brick dry- 
ing apparatus. I think the information would have been of con- 
siderably more value if he had given us some idea of the amount 
of heating surface that was used in drying those 10,000 bricks 
in 24 hours, and the quantity of air that passed through the 
tunnel. As it is, it is simply a statement that a tunnel dries 
10,000 bricks in 24 hours, which gives us no idea of the amount 
of heating surface required to produce that effect. 

Mr. Widdicomb: The author has mentioned in almost every 
instance of drying the necessity of driving air through by means 
of a fan; otherwise there is no mention made whatever of the 
principle of the Morton kiln, or any other. There can be no 
drying when there is no forcing of the air, and yet the drying 
is thoroughly done. 

Mr. Scott: Along the lines of the last speaker, it may be stated 
that lumber drying to-day is largely done with the same air used 
over and over again. The heated air after passing from the 
region of the steam-heated coils rapidly absorbing the remaining 
moisture in the lumber at the outgoing end of the kiln, and 
giving up its vapor by partial condensation at the incoming 
end of the kiln, at which point a simple ventilating arrangement 
permits the watery vapor to escape into the atmosphere, the 
current of air being then deflected in the direction of the steam- 
heated coils, there to once more acquire, by its heated condition, 
an increased capacity for the absorption of moisture. This 
plan has almost wholly eliminated the blower practice of driv- 
ing air into the kilns. Not entirely, but to a great extent. 

Mr. Bailey: One of the best apparatuses for drying clothes 
that I know of is made by the American Laundry Machinery 
Company. It is simple to use and the practical results are great. 
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It takes the air and drives it down and passes up the side and 
down through the centre again. 

Mr. Jewett: As I understand kilns, the water which is in the 
lumber must be taken out and disposed of. The Morton kiln 
does have a gravity circulation of air through flues provided in 
the side walls, which flues are simply chimneys running to the 
outside air. At certain positions inlets are provided. While 
the amount of air change is relatively small, yet the moisture 
is thus carried off and outside the kiln. 

Lumber cannot be closed up in an absolutely tight box, with 
no air change at all, and be dried. 











CXLVIII. 


POSSIBILITIES IN HEATING WITH HOT AIR. 
BY R. S. THOMPSON, 


Judgment is liable to be influenced by interest, and it is 
natural to suppose when a person advocates any particular 
system of heating that he has a special financial interest in that 
system. 

That the arguments I present may not be thus discounted, | 
will state that the concern with which I am connected is just 
as well pleased to get a contract for heating with hot water or 
steam as with hot air, and my opinions are, therefore, unbiassed 
by interest. 

The primary object in all house heating apparatus is to fill the 
house with warm air, and in all systems the air is warmed by 
contact with heated surfaces, as air is absolutely transparent to 
radiant heat. 

In heating with hot air, the air is heated by contact with hot 
surfaces in a central heating apparatus, and is then conveyed 
to the rooms. In heating with hot water or steam, the water 
is heated in the heating apparatus, conveyed to the rooms, and 
there used to heat the iron of the radiators, which in turn heats 
the air. . 

The difference between the two systems is, therefore, prac- 
tically that in the hot-air system, the air is heated by one cen- 
tral plant, while with hot water and steam, the air is heated by 
a separate plant or substation in each room, which substation 
is heated from a central station. 

It is not my purpose to disparage the system of heating the 
air by individual heating plants, but to show some of the pos- 
sibilities in heating the air by a central plant, a system which, 
in my judgment, has been largely left to incompetent men, and 
has not received the attention and scientific study which it de- 
serves. 

That this system has been in a large proportion of cases un- 
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satisfactory, I freely admit, but believe that the failures have 
been due to errors in construction or operation and not to any 
inherent defect in the principle. 

Heating the air by a central plant involves less expense in 
the installation, and this is a matter which demands the con- 
sideration of the practical engineer. Economy in first cost is 
not everything, but it is something, and with probably ninety- 
nine out of one hundred people who have homes to heat, a very 
vital something. While a really first-class hot-air plant can- 
not be installed at the prices commonly charged for inferior 
and inefficient ones, yet even such a plant costs less than a hot- 
water or steam system. Economy of first cost is, therefore, 
a possibility in heating with hot air. 

But economy of operation is no less important. The plant 
is paid for once, the fuel bill is a continuing expense and fre- 
quently amounts to more in a few years than the first cost of. 
the plant. No system is economical which involves a continu- 
ous useless expense. 

What are the specific facts in regard to cost of operation 
in heating with hot air? 

A given amount of fuel will in perfect combustion set free a 
given amount of heat, no more and no less. The heat is in 
the fuel, not in furnace or boilers. No heating apparatus can 
add a single unit. The theoretically perfect plant would be 
one in which there was absolutely perfect combustion of the 
fuel and complete utilization of the heat released by this com- 
bustion, and on these two points depends the comparative 
economy of operation. 

On the first point, completeness of combustion, while there 
is large difference in different apparatus, there is no essential 
difference between the two systems. The fuel can be burned 
as perfectly, and as large a proportion of the heat units con- 
tained in it be released, with. one system as with the other. 
The issue is, therefore, narrowed to what becomes of the heat 
after it is released from the fuel. 

Heat cannot be destroyed. Once produced, it must either 
be transformed into some other form of energy or continue as 
heat. In house heating, it may be practically said that all the 
heat released by combustion either goes toward heating the 
house, that is, to replacing that which has been lost by radia- 
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tion and leakage through walls and windows, or escapes up 
the chimney, having performed no more useful function than 
the creation of a draft. 

The extent to which the heat produced is utilized can, there- 
fore, be practically determined by ascertaining the per cent. 
which escapes to the chimney. The lower the temperature 
at which the waste products of combustion escape to the 
chimney (velocity of current being the same) the larger will 
be the per cent. utilized for heating the house and consequently 
the greater the economy of operation. In other words, the 
extent to which the cooling of the products of combustion can 
be carried is the measure of the efficiency of any heating ap- 
paratus. 

Let us see the theoretical limit to which the cooling can be 
carried, keeping in mind the fact that the theoretical limit can 
never be reached much less passed in practice. 

The products of combustion are cooled by contact with 
metal which is cooled by contact with water or air. The theo- 
retical limit of cooling is, therefore, the temperature of the air 
or water by which this cooling is accomplished. 

With live steam, the possible minimum is the temperature 
of water boiling under normal atmospheric pressure, or 212 
degrees. 

With hot water, the possible minimum is the temperature of 
the water as it returns to the boiler from the radiators, usually 
140 degrees to 170 degrees. 

With hot air, the possible minimum is the temperature of 
the cold air entering the furnace, anywhere from below zero 
to 70 degrees. 

The theoretical limit of cooling and consequent theoretical 
economy in operation is, therefore, lower with hot water than 
with steam, and lower with hot air than with either hot air or 
steam. 

It is, therefore, possible—theoretically—to heat with hot 
air more economically than with any other system. 

But the advocates of the other systems will contend that 
while this may be so in theory, yet that in practice, owing to 
the greater power of water to absorb heat, it is otherwise, and 
that actually the exhaustion of the heat contained in the prod- 
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ucts of combustion is carried much further in both steam and 
hot-water heating than it is in hot-air heating. 

In many cases, I admit the contention, but in turn contend 
that the reason is to be found in the construction of the appa- 
ratus and not in the principle, and that it is entirely possible 
to so construct hot-air apparatus, that the same difference in its 
favor, as compared with hot water and steam, will exist in 
practice as is shown in theory. 

A few days since I made a test with a hot-air furnace, and 
found the temperature in the smoke pipe was 120 degrees, or 
at least 20 degrees lower than the theoretical minimum with 
hot water, and 92 degrees lower than the theoretical minimum 
with steam. Probably you will say that the fire was low. 
Judge for yourselves. At the time I took the temperature of 
the smoke pipe, the furnace was delivering over a thousand 
cubic feet of air a minute at a temperature of 210 degrees. 
And when this test was made, the temperature of the outside 
air was 80 degrees, or at least 40 degrees higher than would 
be usual in the use of the apparatus. It may safely be said, 
therefore, that in actual practice the cooling of the products of 
combustion in a hot-air furnace can be actually carried from 
40 degrees to 120 degrees lower than the theoretical minimum 
with hot water and steam. 

I think it, therefore, demonstrated, both by scientific deduc- 
tion and practical test, that one of the possibilities in heating 
with hot air is the utilization of a larger per cent. of the heat 
contained in the fuel than can be secured by any other system. 

In heating with hot air, however, there is an expenditure of 
heat which may perhaps be called waste, namely, the heat con- 
tained in the air which is forced out of the building by the 
pressure of the warm air that is being poured in. 

But this loss of heat is due to the necessity for ventilation. 
A given amount of ventilatioh will involve the same loss of B. 
T. U. whatever the heating system may be. 

It is true, with hot-water or steam heat it is possible to re- 
duce the ventilation below the proper ratio and thus save heat. 
But this is equally possible with hot air, if the plant is so con- 
structed that the amount of ventilation can be controlled. 

It is-true, that with hot air heating, ventilation can be car- 
ried to a point which will involve large loss, as I shall show 
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hereafter. The same is true with hot water and steam. You 
can open the windows and crowd the fire. 

But in either case, the loss is to be charged up to ventila- 
tion, or bad management, and not to the system of heating, 
and can be as well controlled under one system as another. 

It is a possibility in heating with hot air to heat all the rooms 
in a house at the same time. I am compelled to admit that 
this is not always done in practice. I could not even dispute 
the statement that it is not often done, but I can demonstrate 
both theoretically and practically that it can be done, and that 
which can be done is a possibility. 

The difficulty has not been in the principle, but in the ap- 
paratus, not in the gun but in the man behind the gun. 

If the amount of cold air that is supplied to the furnace is 
equal to the amount that can be forced through all the hot- 
air pipes, if the construction of the furnace is such that this 
amount of air can pass through the casing and reach the hot- 
air pipes, with velocity unreduced by friction, if the furnace 
has the necessary surface and the necessary arrangement. of 
surface to heat all this air, if the size and form of the hot-air 
pipes is such as will permit the passage of the required amount 
of air to each room, and if there is no serious “ back pressure ” 
in any room, the furnace will heat them all at the same time. 
For if enough air is being pressed through the furnace to 
supply all that can be carried by all the pipes, the pressure in 
the furnace will force this air through all these pipes, if the re- 
sistance due to friction and back pressure in the rooms is less 
than the pressure in the furnace. That is a simple matter of 
mathematical demonstrations. 

There are a great many “ifs” in that claim? Certainly. 
And it is the business of the heating engineer to look after 
those “ifs.” If he can’t do it, he has not yet mastered his 
profession. 

These “ ifs’ cannot be met either by guess work or by a set 
of hard and fast rules. They require a thorough scientific 
knowledge of the principles involved, a considerable amount 
of practical experience, and a liberal use of horse sense. 

Air is compressible and elastic. It is subject to friction, in- 
ertia, and momentum. The fact that two pipes have the same 
area is not proof that the same pressure will force the same 


” 














240 POSSIBILITIES IN HEATING WITH HOT AIR. 


amount of air through each. To get proportions correct is 
not a simple or easy matter, but requires the exercise of brains 
and judgment. 

It is possible in heating with hot air to heat those rooms 
which are most exposed to the wind, or the windward side of 
large rooms. The course of heated air is subject to definite 
laws, and by the use of these laws it can be controlled. But 
the man who would control it must make himself familiar with 
these laws and not content himself with a lot of empirical for- 
mulas. 

The cause of trouble in heating rooms exposed to the wind 
is that the air pressure on the outside by leakage produces air 
pressure in the room, and if the pressure in the room is greater 
than the pressure in the pipe, the greater will overcome the 
less. If the pressure of air on the outside is so great that the 
pressure of air in the pipe cannot force air out through the 
crevices around windows, and there is no outlet for the air, 
it will be impossible to force air into the room and consequently 
impossible to heat that room. 

But the difficulty can be overcome by providing a proper 
outlet, of the proper size and in the proper location. 

Nothing has done so much to injure heating with hot air as 
the common idea that neither skill nor scientific knowledge is 
needed in connection with it. The system has been neglected 
by scientific men, and the work is frequently turned over to 
common mechanics. In many places, the carpenter is given 
the job of having the house piped, and he turns it over to who- 
ever gets the contract for roofing and spouting. The average 
man who would not think of laying out a shoe closet in the 
hovse he is building without consulting an architect, will give 
all the directions for putting in a furnace, determine its size, 
its location, the pipes and the registers. Then he expects the 
“furnace man” to put in thé furnace on plans of the builder’s 
selection, and guarantee the working of the plant. 

And strangest of all, there are plenty of “ furnace men’’ who 
will do it. 

No wonder guarantees on the working of hot-air furnaces 
are worth but little. 

There is one point in connection with heating with hot air, 
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to which I have already referred, in which there is a possibility 
of great waste of heat. This is over-ventilation. 

Take a house in which the loss by radiation from walls is 
80,000 B. T. U. per hour, in zero weather. 

To maintain the temperature by replacing this loss will re- - 
quire the use of 62,857 cubic feet of air per hour at a tempera- 
ture of 140 degrees. 

Supposing the family consists of six persons, the maximum 
requirement for ventilation would be 11,800 cubic feet per 
hour. In this case, we are using 51,057 cubic feet of air per 
hour in excess of the amount required for ventilation. If this 
air escapes at 70 degrees and has been heated from zero, it 
represents a loss of 64,963 B. T. U., or about eight pounds of 
coal per hour. 

In my judgment, the remedy for this is to make provision 
for recirculating this excess of air. 


DISCUSSION. 


Professor Carpenter: In order to open the matter up ior 
discussion I will say a few words. In the first place I wish to 
express my intense satisfaction with the paper. It brings before 
us a method of heating which the paper very justly states has 
been neglected by engineers. I think and believe that very much 
more can be done with systems of furnace heating than has been 
done in the past by giving to pipe construction and all the various 
details much better attention, and by working out proportions 
in a much more accurate form than has been done in the past. 
There are one or two things in connection with the paper which, 
perhaps, I do not understand, or do not quite agree with. One 
statement is in regard to the theoretical efficiency of hot-air 
heating as compared with that of heating with steam or hot 
water. As I understand it, the calculations of the paper are based 
on a higher assumed theoretical efficiency of heating by hot 
air than by hot water, said to be due to the fact that the air will 
be delivered from the hot-air furnace at a lower temperature 
than is possible when steam or hot water is used. That might 
be true under some conditions, for instance when the air is to be 
warmed only to a temperature of 150 or 160 degrees. In that 
case there would of ccurse be an opportunity of warming this 
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air and still permitting the air-heating surface to be less hot 
than that required with steam. For instance, the heating sur- 
face with steam must be hotter than the steam which is above 
212 degrees, but I think such instances are rare. I chink in 
practice the temperature of a hot-air furnace is usually in excess 
of that required to supply steam. In such cases I fail to see 
why we would have any theoretical advantage in the hot-air 
heater over the steam heater. Now the figures of the paper 
it seems to me are open to considerable question, as to their 
application ; not as to their accuracy at the time the observations 
were made, but as to the interpretation. In the operation of 
any heating systems, the apparatus works somewhat like a large 
fly wheel; if you were to measure the force given off by a large 
fly wheel, and the force put into a large fly wheel at different 
instances of time, you would at some time believe the fly wheel 
was apparently running itself, since it would be giving off a 
great deal of force and nothing would be going into it. At 
other times the reverse condition would appear. The same 
thing is true so far in the working of a heating apparatus. At 
times it absorbs heat, and we burn a great deal of coal merely 
to get it hot; then that heat is given off and the reverse condition 
is true; the heating apparatus is giving off more heat than it is 
receiving. In the paper the observations show the heating ap- 
paratus giving off more heat than it is receiving, it shows the 
smoke flowing out at 20 degrees temperature, and the hot air 
warmed by the heating surface passing off at about 210 degrees. 
Such air operation could not have continued very long with those 
relations of temperature. If, for instance, the test had been made 
for 24 hours, or even ten hours, the temperature measurements 
I feel quite certain would have shown a considerable excess of 
the flue temperatures over that of the heated air. That I feel 
must be true from theoretical considerations as well as from my 
large experience in making tests. I feel with the author that the 
systems of hot-air heating may be very much improved, and that 
excellent results can be obtained by properly proportioning the 
surfaces. He calls attention to one interesting thing at the latter 
part of his paper, and that is, that in the heating cf air for the 
ordinary use of a house an amount considerably in excess cf that 
required for ventilation is warmed; and I think his advice is 
very good, that in such instances it would be wise to recirculate 














XUM 


POSSIBILITIES IN HEATING WITH HOT AIR. 243 


this air and thus avoid loss of heat due to excessive ventilation. 
That is done very easily, and I think it will result in considerable 
saving in fuel. . 

Mr. Thompson: I am very much obliged to Professor Car- 
penter for the points he has brought out, and for his kindly c1it- 
icisms. I confess I felt a considerable amount of trepidation 
when the veteran on heating and ventilating arose to discuss 
my paper. In regard to the matter of the possibility of ex- 
haustion of heat, I must explain the principle on which it was 
worked out. I assume you cannot heat anything hotter than the 
thing that heats it, but there is such a thing as having con- 
tinuous process going on. In running a steam boiler you can 
take your exhaust steam and heat the water that goes to the 
boiler, and that water may reduce the temperature of the exhaust 
steam far below the temperature of the water in the boiler. Now 
in the construction of a heating apparatus if you take your 
cooling agent, that is the air, in at the hottest portion of the 
furnace, and then let it progress through that over flues and 
radiators, which are filled with the cooler products cf com- 
bustion, it is certain the temperature of the air you deliver to 
the registers cannot theoretically be any higher, and practically 
must be very much lower than the temperature of the coolest 
surface which heats it. But if you reverse that course and have 
the cold air entering your furnace, surrounded with the exhaust 
portions of the waste products, you can with the cold air reduce 
the temperature of the waste products to any degree you please. 
You can then carry your partially warmed air on to the warmer 
surface of the furnace, and where it leaves the furnace at the 
point where the furnace is the hottest, you can have the air 
coming out of the furnace 300 or 400 degrees, if you want it. 

In regard to the professor’s criticism concerning the continuity 
of operation, I want to say that I have made not one, but over 
25 different tests, with different styles of apparatuses in this 
line, and in every one I secured practically the same results. 
The details varied very much. There were occasionally cases 
where the hot air was not as hot as the waste. Other cases, 
and the majority of them, it was hotter. But the practical re- 
sults were always the same, and I have installed an apparatus, 
where not for a few hours, but for several winters frequent 
observations were made, the apparatus being in practical oper- 
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ation, heating houses for the entire winter, where for the entire 
winter the temperature of the exhaust, as we call it, was less 
than the temperature of the hot air. In most of the cases where 
I have made tests, not all of them, but most of them, the fuel 
was natural gas. That is my pet hobby. I like to monkey with 
natural gas better than any other fuel. It is more easily con- 
trolled than coal, but I have gotten the same results in proper 
operation with coal. 

The Chairman: Any further discussion? 

Mr. Donnelly: I notice Mr. Thompson puts in a great many 
ifs’ as he says, in his possibilities. I think there are some 
other “ifs” to be run across in furnace heating which are 
not in the paper. Perhaps if the outside temperature stayed 
constant, if the humidity did not change, if the wind changed 
neither its direction nor its force nor its temperature, a uniform 
result might be possible. But I would like to ask Mr. Thomp- 
son if a heating engineer can control his installation without 
some very complicated apparatus to automatically take care of 
some of those changing conditions? Now some forms of 
thermostatic apparatus might help some, and yet I do not per- 
sonally know of any such thermostatic apparatus to help the hot 
air when travelling against the wind; when the wind increases 
considerably in velocity it lowers in temperature; it always does 
that when the velocity goes up. Is it possible to install a hot- 
air furnace and have it take care of the change in the weather, 
such as we get in any section of the country, without good horse 
sense and good attention in setting dampers? And does it not 
necessitate a change in hand regulation, the several dampers in 
the hot air pipe, under the present state of things? It always 
seemed to me that hot-air furnace heating needed those hand 
manipulations so much; possibly that is not the condition now, 
that something has been devised to help it out. I believe if 
there was, it would help hot-air furnace heating a very great deal. 

The Chairman: Mr. Thompson, can you explain some of those 
things? 

Mr. Thompson: I have never found any apparatus that did 
not require some sense in the operator as well as the installer. I 
have found it was necessary to manipulate hot-air dampers to keep 
off the supply from some part of the house in order to heat 
another, that is, I have found it would be necessary, under some 
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conditions, to stop the supply from some part of the house to keep 
it from being overheated. My experience is, get your coldest 
room warm enough with register open, and after all your rooms 
are warm, check the register off, and then it will be all right. Now 
speaking about the thermostat, so far as my observation goes, 
it will not meet those conditions, nor are thermostats very thor- 
oughly successful with a coal fire. You can regulate the tem- 
perature to some degree by opening and closing the draft; but 
I have never found a thermostat that would help very much 
with furnace heating. 

Professor Carpenter: I think Mr. Thompson did not under- 
stand the theory of my statement regarding temperatures, be- 
cause he suggests that the heat from the escaping gases may be 
used to warm entering air. That is true also in regard to steam 
and hot-water heating. You can use that which goes through 
the damper for warming entering air as readily in one case as 
another. The general proposition I stated ‘remains true. 

In regard to the use of the thermostat in hot-air heating, | 
would say that all that the thermostat can do is to open and 
close certain dampers at certain times. The difficulty has been 
to get the forces to propel the air into the different parts of 
the house uniformly, and to make those forces propel the air 
with certainty, no matter in what direction the wind may be. 
For such a case the thermostat is entirely useless. 

The Chairman: Any further discussion ? 

Mr. Chew: I think this is too good an opportunity to let slip. 
Yesterday my committee made its report. Now Mr. Thompson 
states the possibilities, and shows that they are great. He also 
shows that before those possibilities can be accomplished there 
is a lot of preliminary work to be done. The answers to the 
series of questions of which I spoke, about 20 in number, that 
Professor Kent and Mr. Oldacre prepared and sent to the mem- 
bers would be a partial solution of the problems which this 
paper presents, and I hope for the sake of Professor Kent and 
Mr. Oldacre, that when the members go home they will dig 
up those questions and answer them, and if they cannot find 
them, let them apply to the Secretary. He will furnish them 
another copy so they can show us what they can do after they 
have made a study of them. I think every member understands 
that the committee would like to have these questions answered 
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for the good of the Society. The literature of our Society to-day 
does not contain a description of a single church heating system, 
except a blower system; not one with a hot-water, steam or 
furnace-heating system. It seems to me there are churches 
enough in this country, if not there will be more by and by, to 
pay the members to study up church heating a little and provide 
the Society with a paper that will show us the practice at the 
present time. There is nothing, I will say again, which would 
increase the value of our Society, and the literature, like a de- 
tailed description of a working plant, whether it is an exhaust 
system, a vacuum system or a hot-air system, or any other sys- 
tem of heating. Professor Kent has asked me to tell you that 
he would like to have questions submitted on hot water and 
steam heating, so as to get all the data obtainable on those sub- 
jects. Every member of the Society will do good work if he will 
give the details of some working plant, the amount of glass, etc., 
and all the details, and eventually we will have a class of in- 
formation that will be invaluable for reference, and enable some 
tables to be formed, some books to be made up from them. 
Now to come back to the point at issue, if you will answer 
the questions of the Committee for collection of data on furnace 
heating, you will help the thing along very much. It will be 
of great assistance with the work, which this paper suggests. 

Mr. Folsom: I believe we had better commence educating 
the architects along with the furnace men; let us talk to them 
and make them understand it; let us make them understand they 
have to follow our instructions, that we can set furnaces prop- 
erly and we know it. Of course, we take the jobs if we can 
get them. But the architects, more than anyone else, ought to 
understand them. 

Mr. Stangland: It is my experience with this matter that the 
furnace man gets some information that is useful to him, and he 
will then see the architect. It is his business to see the architect. 
Let us educate the furnace man; the architect will take care 
of the job all right. Let us educate the furnace man. 

The Chairman: Mr. Thompson, under the rules you are en- 
titled to make the closing remarks. 

Mr. Thompson: I will be very brief. My observation in 
regard to educating the architect is that the architect can be 
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cared for all right. Let the heating engineer do the heating, and 
the architect do the building ; that would be all right. 

I want to tell you of a practical case I had two or three 
years ago, and which has been in operation two winters now. 
A man had a house upon the top of a hill—not what you Chicago 
people call a hill, but what we call a hill in Ohio. It was on 
the northwest corner, and faced northwest. Dimensions of the 
house were about 35 x 35 ft.; I forget the exact figures. It 
had a kitchen at the back, was two stories high, and on the 
northwest corner of the house he had a reception hall. That 
reception hall was about 16 feet square. It had a window in it, 
and he built a tower out on the northwest corner extending 
out beyond the corner of the hall, so that the hall, from its 
extreme dimensions, was 19 feet to the edge of the tower, and 
20 feet to the edge of the tower respectively for the two inside 
walls. It had the regulation winding stairway leading to the 
upper story. He put five big windows in this tower and a glass 
door in front, and a window up in the stairway—a good place 
for the hot air to get out. Well, he struggled along with that 
house for a good many years trying to heat it with stoves. 
Everybody told him that he could not heat it with hot air. I 
went to work on that house and—TI am afraid I will spoil my 
reputation, what reputation I may have, by telling you what I 
did. You must recollect this was a natural gas furnace, in the 
cellar; he had a tight basement which had no ashes nor coal 
in it at all. I set the furnace underneath as near the middle of 
the house as I could, and I struck those four downstairs rooms 
in a group with four pipes close together. I gave the reception 
hall a 12-inch pipe, on a straight line; then I put in the tower 
close to the window a 9 x 12 return flow register, which I 
opened into the basement; didn’t make any pipe connection. I 
fitted two other rooms in the same way. That left the hall with 
an automatic arrangement. All I had to tell him was, “ Keep 
your cellar reasonably closed up.” That tower is always the 
warmest part of the house now. I promised him before I went 
in that his three pretty girls should use that tower as their 
sitting room that winter. They did it, and they have done it 
for two winters. The register is in the corner farthest from the 
tower, and my cold air return is in the tower. My observation is 
I can get the best heat in the place where I take the air from. 








248 POSSIBILITIES IN HEATING WITH HOT AIR. 


I had one case of a church which had been a pretty hard 
problem. I had to put a hot-air register at the entrance end of 
the church, and the only place I could get any ventilation register 
was in the stack under the steps of the pulpit that led into the 
ventilating stack. The first kick that I had was from the 
preacher who insisted he was too hot. I had to go down to the 
janitor and we had to practically close up this register under 
the pulpit so as to quit taking air out. 

Then I had another job: I was called on by a personal friend 
who had some difficulty in heating an old house, and he wanted 
the work done one way and his wife had her notions, and their 
ideas on that point didn’t jibe. His wife wanted the hall heated, 
and I think the hall ought always to be the key to the whole 
situation. He didn’t want it, because he said it would be a 
waste of heat, and there was quite a family argument. I went 
to her and I said: “ Mayme, don’t you worry; I will get that hall 
of yours heated, and it won’t take any pipe, it won’t be necessary 
to put any pipe in there.’”’ I went to him and I said: “ Fred, 
I will tell you how to do this job, and do it right, and I will not 
hurt the hall; I will put a 20 x 24 register in it now, and that 
will take the air from the hall to the furnace.” I told him he 
could save a whole lot of heat, and that is what he was after, 
so I put in a 20 x 24 register in the hall, and I told the wife to 
keep the hall door open and she says that that is the warmest 
place in the house now. 
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SHEET METAL RADIATION. 


BY H. W. NOWELL, 


Sheet metal radiation has been in use for over fifty-four 
years, and in its varied forms is well known to be of more 
value as a heating agency than any other form or type of 
radiation. Undoubtedly one of the most efficient forms was 
the flat wall radiator invented in 1854, and one of more recent 
date in corrugated form, made in France, both of which are 
still being manufactured on special order. The writer has 
knowledge of these that have been in actual use for over 
thirty-nine years, and the efficiency and apparent durability 
has not in any manner depreciated. The sheet metal radiator 
made in this country, which, as before stated, was invented in 
1854, was originally made of Swedish Bloom iron and but- 
toned together on its flat surface with copper rivets. The 
originals of this first line are in use to-day, but when other 
makes of radiation came into the market, the manufacturers 
of this radiator, in order to compete with the price, used a 
cheaper grade of metal which was apparently Bessemer steel 
and riveted with iron rivets. The life of these was very short. 
They were not galvanized; were made entirely by hand, and 
lap-jointed around the edge and soldered. The corrugated 
French radiator was made in a similar manner, riveted at the 
alternate points of corrugation. The writer has no record 
of the life of these, except a statement made by a manufacturer 
that he knew of their being in use for over thirty years. There 
was still another made up in tubular form, tube within tube, 
which was designed and used in Philadelphia twenty-eight 
years ago, and the writer knows of some of them still in use 
and claimed as giving better results than any other type of 
radiator. 

The many different types of sheet metal radiation are con- 
ceded by engineers to be the most efficient, but questions have 
arisen regarding. the durability, and pressures which they 
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would stand, and along these lines the writer has had tests 
made of the metal used in the manufacture of a number of 
these, and chemists making the analyses and tests make un- 
qualified statements that there should be no hesitation in guar- 
anteeing this metal for any number of years. 

Among the different types of sheet metal radiators, and 
the most modern, is one made along the lines of the cast radi- 
ator, in that it is of a vertical sectional type, and conceded to 
be more symmetrical and pleasing to the eye as to finish and 
design than other types, and have been demonstrated to stand 
30 to 50 pounds pressure without leakage or bulging. Other 


features which appeal to the architect, engineer and steam. 


fitter are the lightness and space occupied by the sheet metal 
radiator, as the weight is about twenty-five per cent. of the cast, 
and space occupied about one-half. As to efficiency in com- 
parison with cast and wrought tubes, some exhaustive tests 
have been made, and I will take pleasure in mailing a copy of 
these tests to any member desiring them. 

Some time in the year 1862 Professor Silliman of Sheffield 
Scientific School, New Haven, made tests which were pub- 
lished, of the flat wall radiator. The efficiency was far beyond 
that of the wrought tube radiator made at that time. 

The sheet metal radiator made at the present time is manu- 
factured of No. 18 and No. 20 metal, and the joints are pressed 
under heavy pressure, no solder is used—the inside and out- 
side of each section is completely covered with spelter, which 
prevents oxidation, after which the sections are assembled by 
male and female joints expanded together ‘as a boiler tube is 
expanded into a boiler tube head, and the mechanical construc- 
tion is such as to preclude any possibility of breakage by rea- 
sonable pressures, such as are used on present heating plants. 

This paper is not written for the purpose or intention to 
advertise any distinct line of radiators, but purposely to bring 
forward a line of discussion or argument relative to the merits 
of sheet metal radiation, and for the benefit of all to receive 
what enlightenment we can on this class of radiation. 


DISCUSSION. 


Mr. Jas. Mackay: This question of sheet metal radiation 
is one of very general interest. I happen to know something 
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about making radiators of sheet metal, and think that there 
is no question whatever as to their efficiency. The doubt in 
my mind is the question of permanent durability. I have made 
sheet metal radiators of galvanized iron, of Swedish Bloom 
and Black Charcoal iron, and almost every other kind. We have 
used them with exhaust steam, with low pressure steam, and in 
all manner of ways. The difficulties we met with were the de- 
tails as to the connections, and the permanent durability of the 
metal. We were unable to find any sheet metal except copper 
that stood for any great length of time. And still we have ex- 
amples of them in use for 20 years. Still I know of others 
that have given out in two years, and the great majority of them 
give out inside of five years. Copper ones are better, they wear 
better and are very durable; everything as to their efficiency and 
general utility and lightness and compactness were all there. 
But the question of durability was the one problem we were 
up against and were unable to solve; we carried those goods 
in stock, kept them before the public for years and years, 
and finally abandoned them. Ours were used for heating with 
fans and for drying paper pulp and confectionery and fruits 
and things of, that kind, and our trouble was simply one of 
durability. The other features were all there. 

The Chairman: Any other discussion? Any other gentleman 
who has anything to say. 

Mr. Jas. Mackay: I would like to add that Mr. Nowell’s com- 
pletion of this paper would be very desirable. I would like to 
see the results of the tests he speaks of. I think there will be 
ample time for him to furnish them to us. ‘ 

I don’t think this article is subject to criticism. I am only 
giving my experience with similar materials. I remember the 
old Gold Radiator, and think I know of some of them being 
in use to-day that have been in use for 30 years, and are in pretty 
good condition now, but they are set up on edge, and the fea- 
ture of moisture is practically eliminated. The conditions are 
much better than are usually met with. It is to be hoped that 
you have overcome the difficulties that we encountered, and 
which we were unable to overcome. I do not mean to say that 
you cannot make a sheet metal radiator that will be durable. 

The Chairman: Is there any further discussion? 

Mr. Morgan: I have had some dealings with the old Gold 
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Radiators. { remember the time when the soldering iron was 
a part of the steamfitter’s kit. While it is a fact that a great 
many of them did stand for a good many years, it is also a 
fact that a great many of them did not stand up but a very short 
time. There is one question I would like to ask and that is this: 
Is not the proper test of a radiator by the pounds of water of 
condensation? I would like to ask if that is not Professor Car- 
penter’s formula for the test of the efficiency of a radiator? 

Professor Carpenter: Yes. I understand that the tests which 
are now in progress of this radiator will be a test of that char- 
acter. 

Mr. Nowell: Yes. 

Professor Carpenter : This present test which was just referred 
to was a test for showing the relative capacity. One cannot get 
at the efficiency except by measuring the actual heat that goes 
into the radiator, and that you can only get by weighing the 
steam that is condensed. 

I think we all would be pleased to obtain a light weight radi- 
ator; but I also think we can fairly raise the question of dur- 
ability. It is difficult to make any artificial test that will be a 
substitute for the durability test of actual use. The use of light 
metal under the conditions of use will require perfect protection 
from the effects of corrosion. In the buildings of Cornell Uni- 
versity we find that the present cast iron radiators are far from 
durable and that we have had large repair bills. The troubles 
are due to the giving out of the nipples which connect the sec- 
tions of the radiators. I would not like to put any figure on 
the average life of a radiator, but after one has stood and been 
in use for five or six years we begin to find repairs necessary. 
We are also having a great deal of repair work to do on return 
pipes in the buildings. In some places the conditions seem to he 
very bad, and we have not been able to find the cause. I know 
one particular building where: we had to take out many of the 
return pipes on an average of once in two or three years. They 
would be simply eaten full of holes. We are laying our troubles 
to steel pipe. Possibly that is not the case at all. I merely 
mention this fact to show that the present means which we use 
to heat our buildings are not very durable, and there is a very 
great opportunity for improvement along the lines of durability 
for pipes as well as for radiators. 
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Mr. Donnelly: I would like to ask Mr. Nowell if he cannot 
read his chemist’s report, what is the practical composition of 
the iron he uses, if he wishes to give it, because I think it would 
be exceedingly valuable in helping us to judge of its durability: 
and also the chemical composition, so far as he chooses to give it, 
so that we may have it as accurately as possible a part of the 
record. 

The Chairman: Can you answer that question, Mr. Nowell? 

Mr. Nowell: The only way I can is by reading the report, 
and perhaps under the conditions it would be better to publish 
it with the other tests, Mr. Donnelly. 

The Chairman: As I understand it, the report is an expres- 
sion of opinion of the chemists. 

Mr. Nowell: Yes. 

Mr. Donnelly: Would it not be possible to give the ccm- 
position without the expression of the chemist’s opinion ? 

Mr. Nowell: No. 

Mr. Donnelly: I don’t know why the chemist’s opinion should 
aot be part of an Engineering Society’s Report; but it may 
not be, of course. 








CL. 
TOPICAL DISCUSSIONS SEMI-ANNUAL MEETING. 


TOPIC NO. I. 


‘**Can Pipe Size for Risers and Radiator Connections off Risers be Reduced ?” 


TOPIC NO. 2. 


**Can Area of Mains in Overhead Systems of Hot-water Heating be Reduced with 
Benefit ?” 
The Chairman: Mr. Munroe wishes to say something about 
topics 1 and 2. I see some of the hot-water men have gotten 
back here now. 


DISCUSSION OF TOPICS NOS. I AND 2. 


Mr. Munroe: In the East there has come about a great change: 
there has gradually been an increase in the sizes of mains and 
risers used. Fifteen years ago it was the practice to install a 
plant with two pipe connections, each radiator having a 34-inch 
and %4-inch connection, even though they contained 100 square 
feet of surface and they got results, when there were no traps 
in the mains. You know in the East we scarcely ever use one- 
pipe work as they do out West. Whenever a job is laid out 
it is always laid out by an engineer as a two-pipe job. Even 
now, the sizes of the radiator connections and risers are being 
guessed at, and the fact is that the men who do indifferent work 
are always getting the size of the pipe wrong. Yet I have 
known jobs to be put in where the size of the pipe was very 
much reduced under that laid out, and if they were put in by 
practical mechanics good results were invariably obtained. I 
believe that the sizes now used in many cases are in the interest 
of pipe and rolling mills rather than in the interest of the pur- 
chaser. You can often get along with smaller pipe where you 
have the proper boiler and radiators. I do not believe it is 
ever necessary to use so large as a 2-inch valve on a one-pipe 
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radiator connections with a 90-foot capacity. I may be mistaken, 
and I want to know how you find it in the West, where you do 
so much one-pipe work. Is not, as a rule, a 1%4-inch connection 
on the radiator of 75 feet ample? I am doing some work on a 
building now, which is a six-story building with 8 radiators 
averaging 50 feet each; the risers start off from the overhead 
system, one 3%-inch pipe. It strikes me that with an inch and 
a half valve at the bottom of the riser conveying steam to 480 
square feet of surface, as good results could be obtained by start- 
ing the riser with not over 2% inches. 

Mr. Gifford: I think the question is largely one of pressure at 
which you wish to circulate the steam. 

Mr. Munroe: We are presuming five pounds. 

Mr. Gifford: Well, for five pounds I think Mr. Munroe’s size 
would give satisfaction. I think the old jobs put in years ago 
were not put in for high pressure work, but were put in at 
a time when the amount of back pressure on engines and pump 
supply exhaust steam was not considered, and I think the in- 
creased pipe sizes of the last few years have been along the line 
of keeping down the back pressure on engines supplying ex-- 
haust. 

Mr. Donnelly: I am glad this subject of pipe sizes has been 
taken up. I think Mr. Munroe has the right ratio, and that 75 
square feet is all right for inch and a quarter pipe. By the 
table I use it figures 18.5 feet velocity per second of the steam. 
In looking over the steam sizes as given in many books on heat- 
ing, probably the first that was figured out that we took much 
account of in this country was in Mr. Baldwin’s book. | His 
experience in sizes probably ran as the plants ran in those days; 
there were few steam mains larger than 4 or 5 inch pipe; that 
was quite a large plant in that time. The velocity which he 
used in figuring the rule with which we are all familiar, 1 inch 
for 100 square feet, 2-inch pipe for 400, 4-inch pipe for 1,600, 
was 40 feet per second in all sizes. Of course if you use a veloc- 
ity of about 40 feet a second in a 3, 4, or 5 inch pipe you get a 
good result. -In figuring the velocity of steam in pipes they 
formerly took very little account of the different size of the 
pipe until the publication of the Babcock formula in this country, 
which used a different factor of friction for different diameters 
of pipe. I was particularly interested in this from the very 
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opposite reason that Mr. Munroe was, that some people who 
have installed exhaust heating systems say they get a vacuum 
that does so many wonderful things because of the smaller pipe 
sizes which they use. The sizes that they have used cause all 
the way from 80 to 250 feet per second velocity; I think some 
have used a table with 100 feet per second velocity, but they 
take off 20 per cent. for a factor of safety, which makes it 80 
feet velocity. They build plants with their pipes all the way 
from 3 of an inch to 12 inches figured on the same velocity. 
When they use 8, 10, and 12 inch sizes, their sizes may be 
reasonable, but when they get down to a I-inch size and say 
that 250 or 300 square feet is proper with I-inch pipe, and that 
it is good practice, I don’t think it is. It is making a very high 
loss in the efficiency of the radiating surfaces to cut down the 
diameter of the steam connections to such small sizes. 

In this connection I tested with a water column last winter 
an installation in New York. There were several old build- 
ings and one new one and the specifications called for not 
more than 4 pounds pressure to be used. It was supposed 
this pressure was necessary on account of the poor charac- 
ter of the piping in the old buildings. The new piping was 
supposed to be better than that. The specifications was after- 
wards changed to a vacuum system and the size of steam con- 
nection cut down in the new building. I tested the old work 
about 300 feet away from the source of supply, and found a 
drop of pressure only six inches of water column. In the new 
building, with reduced sizes, yet sizes approved by some peo- 
ple in advocating this system of heating, the drop in pressure 
ran as high as 20 to 22 inches of water column per 200 feet run; 
so that that confirmed me a great deal more in my opinion that 
the larger sizes were a good thing, and it was not good engineer- 
ing to cut the sizes down. 

Secretary Mackay: I noticed the remark made about radiator 
manufacturers keeping the radiator connections large. I don’t 
think any engineer ought to feel that way about it, because the 
radiators are usually for a variety of places, a variety of sizes 
of connections, and all radiator manufacturers will furnish radia- 
tors in any way that the steam fitter or heating engineer wants 
them. The fact that they can furnish them for low pressure 
steam heating, tapped one inch up to 28 feet, some say, some say 
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30; or 14-inch up to 56 feet, some say 60 feet, should not 
have any weight with engineers at all. They should make their 
sizes to suit the work. I think a good many lose track of their 
subject, confounding it with sizes used in some other system. I 
have seen very good engineers who were addicted to the vacuum 
systems, and designed low pressure heating, that got sizes that 
were too small, and it made trouble for them. They neglected 
to remember that they were returning against pressure instead 
of into a vacuum, or into a receiving tank, or into the air, and 
that they could work with much smaller sized pipe and get 
good results. I think the most trouble that we experience in 
sizes of pipe is in the low pressure gravity return system, where 
the return goes back to the boiler against the pressure of the 
boiler. 

Mr. Munroe: My idea in bringing up this subject was to 
the end that a table, by which we should all be governed as 
members of this Society, be adopted;.and to that end I would 
suggest that a committee be appointed to prepare such a table, 
say on the basis of five pounds steam gravity return, and one 
pound gravity return, and exhaust heating work, where a mini- 
mum back pressure is going to be a feature. I think we ought, 
as a Society, to determine among ourselves on a table such as I 
suggest, which should be strictly adhered to. The table might 
suggest the minimum size that could be used with proper results. 
I think there is too much leeway on either side. There is always 
a tendency to cut sizes even beyond what should be done. On the 
other hand, I know of engineers who make up this work, who, 
knowing that tendency, have gone to the other extreme and made 
the sizes much larger than is necessary, making the job ex- 
tremely expensive. For instance, when you take a building with 
say eight stories and start with a 3!4-inch riser through every 
room in it, if that could be reduced practically, it would be a 
great benefit. If that form of table were gotten up and if we 
were to bind ourselves to use this table, we would have obtained 
a result and have a standard to go by known as the standard of 
“The American Society of Heating and Ventilating Engineers,” 
which would be recognized in time. There are so many tables 
made by so many men with different ideas at the present time, 
that they are confusing. That is what I’m getting at. I have 
my own table which I compiled myself, and which I use; and 
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I can find a number of tables, but they vary so, and I think it 
would be the proper thing for us to formulate our own table, 
and give it to a committee of men who have dealt with this 
subject. I make that suggestion and think it ought to be acted 
upon. 

The Chairman: Suppose you make the motion that it be 
referred to the committee on standards? 

Mr. Munroe: I move you, sir, that this matter be referred to 
the committee on standards to prepare such a table as I have 
referred to. (Seconded and carried.) 

Mr. Morgan: I think I can help Mr. Munroe out a little. I 
am familiar somewhat with the practice in the East with 2-pipe 
work, and I know considerable about the single valve system 
we use in the West largely. I think the original idea of the 
single valve system was to combine both sizes, the two sizes 
usually used in the East, into a single pipe, and just avoid 
running one extra pipe. In our practice here we used to use 
nothing smaller than one inch, and on that we would put 
nothing larger than a 20-foot radiator; up to 50 feet we would 
use 144; 1% for 50 to 75 feet; a 2-inch pipe for above 75 feet. 

Mr. Munroe: With a single pipe? 

Mr. Morgan: No, single valve system, in 2-pipe work. I 
have in mind in the City of Chicago an apparatus which has 
three 80-foot radiators with inch and a quarter risers, with 
¥Y-inch return, and it works very nicely; there is no difficulty 
at all. That is a good deal of radiation on inch and a quarter 
pipe, and in 2-pipe work it is entirely feasible. For instance, 
Mr. Munroe spoke of running 3%-inch overhead system risers 
down and ending in 1%-inch return; it is my opinion that an 
inch and a half pipe for fully 100 feet would be just as good as 
3-inch pipe, because there is no conflict between the steam and 
the water. The water is always going ahead, and it is always 
travelling on its downward course. 

Mr. Munroe: That is the exact condition I have before me. 
I think the plan was prepared by a member of our Society, and 
why he should name 3%-inch risers in a job ending with 1% 
for only 480 feet, I can’t understand. 

Mr. Morgan: Well, I can tell you a little experience I had. 
We had recently an old building, a 3-flat building, which had 
a continuous circuit running out to the centre and going both 
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ways. The return pipe in both cases was 1% in., while the 
feed pipe was 3 inches. In the rear of the building, because 
there was not so much radiation, it circulated very nicely, but 
the front end of the building having the most radiation, there 
were one or two radiators that would fill up with water. Both 
of these mains came back with a 1%-in. pipe. We first sepa- 
rated the mains and put one return in on one side of the boiler 
and the other return in on the other side; but we found no 
benefit to the front end of the building. We then laid a 2-inch 
pipe from the front main, and thereafter had no further 
trouble. I think one mistake that is being made in the 
single valve system is about the reduction of the returns to too 
small a size. I think it would be a better practice to start with 
2™% inches and have a 2-inch return. 

Mr. Walker: Did I understand you to say that you fed three 
80-foot radiators from 14-inch riser, single pipe? 

Mr. Morgan: No, sir; they also were connected with half-inch 
returns. 


DISCUSSION OF TOPIC NO. 2. 


The Secretary: I might say that my experience has been that 
you can do overhead hot-water work with a smaller area of 
mains and drops than you can with the bottom feed or the 
upward feed. In general practice, the difference was somewhere 
in the neighborhood of 25 per cent., and I think that the sizes 
that are in general use all over the country to-day are the proper 
sizes, from good engineering experience ; and that we are running 
pretty close together. To reduce below those sizes would be 
an experiment, and as good results would not be obtained 
as where the engineer in charge used the present sizes. The 
present practice, in my mind, is about right. I was called in in 
connection with a good-sized apparatus, overhead supply, where 
outside of one defect—that the expansion tank was located very 
close to the level of the horizontal main, which allowed them to 
boil the water and overflow the tank before they could get cir- 
culation to the extreme ends of the mains—the reduced sizes 
of the connections to the radiators below the present practice 
prevented them from circulating properly and was affecting the 
efficiency. When those were taken out and enlarged, the same 
radiators, with the same overhead mains, operated with the 
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same boilers, supplied the entire building perfectly. I think in 
that case they were too small. That is my advice against run- 
ning into the same mistake. 


TOPIC NO. 4. 


‘* What is the Best Material for a Gasket in a Flange Union for Hot-water Piping ?” 


Mr. Harvey: I think a ground joint would be the best. 

The Secretary: Why, Mr. Harvey? 

Mr. Harvey: Because you would have the two best facings 
which could be made. 

Mr. Donnelly: Professor Sweet in his work says that “If an 
honest man has an honest lathe and does an honest job he don’t 
need any packing.” It seems to me it is pretty hard on steam- 
fitters. Of course, they are not all machinists. He says with 
the cylinder head turned off—you don’t have to grind it; if 
you have the right kind of a tool and the right kind of a man 
who takes the finishing cut, you can take it apart and put it 
back again, and it will still stay tight. I never make a flange 
union that way for hot-water work, but I remember some who 
used to try thin packing, but it would not be tight because the 
surfaces didn’t meet; they would have to increase the thickness 
of the packing, and I have seen it a quarter of an inch thick. 
I think Mr. Harvey is right, that the surface to surface method 
is the best. 

Mr. Jewett: We have used “ Rainbow” and “ Ruby” both 
for packing 1-16th of an inch thick on flange union joints for 
hot-water works for the past ten years, and have had no fault 
to find at all. In small piping we never use thicker packing 
than 1-16th of an inch. With the commercial flange union, as 
found in the market, and with flange fittings, we have had no 
difficulty or trouble. 


TOPIC NO. 5. 
‘* The Protection of Underground Piping.” 


Mr. Barron: In the second volume (1896) of our Proceedings 
there is a paper by Professor Carpenter on this subject; and in 
the course of the discussion many methods are brought out. As 
the problem often confronts the engineer, I think an effort 
should be made to schedule the various plans followed. In the 
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Street Railway Journal for May 27, 1905, there is a description 
of the plant of the Bloomington and Normal Railway, Electric 
and Heating Co., by Mr. H. Robinson. He says in regard 
to the underground piping: “ They are laid in hemlock con- 
duits, whose bottom consists of three 1-inch boards, separated 
from each other by side pieces 1 inch thick. On this base 
the pipes are laid with similar side pieces placed on each side 
of them. The upper part of the conduit duplicates the con- 
struction of the lower; the present style of the conduit with 
mineral wool or oil shavings has not proven entirely satisfac- 
tory, and in future construction the two-ply felt packed casing 
shown in the accompanying sketch will be used.” 

I have known of air-space non-conducting covering for thirty 
years and it is never a success, because it is almost impossible 
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to prevent air circulation and leakage. It would seem to me 
that a trench for the pipes with a 6-inch cement bottom and 
8-inch side walls and the board and felt cover, the pipes to be 
on rollers and covered with felt, would be a good arrangement; 
but the loss of heat when pipes are run even half a mile is very 
great. 

Mr. Schott: The sketches as drawn are not right. In the 
lower sketch there, which is termed the old construction, the 
centre bearing piece should be simply one piece. Those draw- 
ings on the board are supposed to represent the Yaryan form of 
insulation and the Schott Special insulation. The lower draw- 
ing represents the Yaryan insulation, it being made up of what 
is termed 3-ply hemlock, each section being made of 3 hemlock 
boards, % of an inch thick each, with %-inch air cell between each 
layer, with materials of the same character and thickness put on 
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the edge to seal the air cell. The centre bearing piece, or what 
is intended to assist in carrying the street load, is only one inch 
thick, instead of being as shown in that drawing. The top 
drawing is what is known as the Schott Special Insulation, and 
is made of either two or three ply, depending entirely on 
whether the mains to be insulated are steam or water, and also 
on the size of the mains. This is similar in form and character 
to the Yaryan, excepting where 7% of an inch material is used 
in the Yaryan 2-inch material is used in the Schott system. The 
air cells are quilted with a special quilting which makes the air 
cell a confined air cell. The centre bearing piece in this form 
of insulation is governed as to thickness by the street load con- 
ditions. This form of insulation also has the top section placed 
crosswise instead of lengthwise, so that at no time is there any 
danger of the insulation breaking down, placing the weight 
of the street on the mains, leaving the pipes free at all times to 
expand and contract without any interference of the crushing 
in effect. With the Yaryan system they usually use as a filler 
around the pipes, inside of the structure or conduit, treated wood 
shavings. Formerly rock wool was used, but experience has 
proven this finally crumbles and is of no particular value in this 
class of work. The Schott system uses plain soft wood shavings, 
the pipe being covered with a layer of asbestos to prevent 
charring, providing they are steam pipes, but in case of water 
pipes no special covering is applied, as same is not necessary. 
After the structures are put in place, the tops and sides are 
treated with asphaltum or pitch, and then a layer of special 
asphalted asbestos laid over that to seal any openings in the 
conduit and to act as a water shed to moisture. In all cases 
the conduit is thoroughly interdrained so that there is no danger 
of waterlogging the system. 

Mr. Davis: I would like to ask Mr. Schott if there is a 
patent on that construction. 

Mr. Schott: Oh, it is like a lot of other things. Some people 
claimed a patent, and I undertook to trace it down, and I couldn’t 
find where there was anything that interfered with it. 

M:, Davis: You stated that the top construction was yours. 

M:. Schott: That is what I call mine, that is called “ Schott’s 
Special.” As far as patents are concerned, I made up my mind 
I would rather keep out of litigation than get into it. 
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Mr. Bailey: I think the brick wall and the concrete construc- 
tion Mr. Barron suggests would be a very expensive thing, and 
not as good as this form of covering, because it would let in 
leakage. 

Mr. Jewett: In a very considerable number of central-station 
heating plants the underground mains have been covered with 
the Wyckoff covering, and very excellent results obtained. 

This is a hexagonal covering consisting of two layers of one 
inch white pine boards with a double layer of corrugated build- 
ing, or felt, paper between. Each layer of wood is wound 
spirally with galvanized iron wire and the outside is given a 
1-16 inch coating of molten asphaltum pitch. The covering 
is air-tight, water-tight and a very good non-conductor with a 
double air space. 

Mr. Bailey: Concerning the Wyckoff covering Mr. Jewett 
spoke about, I have run some tests on that covering, and we 
passed water through about a mile of tight pipe at a velocity of 
between 334 and 4 feet per second, and we got a drop in tem- 
perature of a little over five degrees. That was an 8 and Io inch 
pipe. 

Mr. Schott: With the upper type of construction my usual 
form of guaranty is that on a mile and a half or 3 miles with the 
pipe line circulating 60 per cent. of its capacity, I will guarantee 
to deliver water with a loss of not over 3 degrees or forfeit one 
thousand dollars for every degree I lose over and above that 
or get a bonus, and I always get the bonus. 

The Chairman: Any further discussion? Professor Hoffman, 
when you made your test, did you make any test on the method 
of protecting pipes? 

Mr. Hoffman: On neither test did we take into account the 
difference in temperature between the end of the line and the 
plant, so I am not able to say in that case what it would be. 

Mr. Jewett: In June, 1900 or 1901, there was a paper pre- 
sented to the American Society of Mechanical Engineers at 
the Cincinnati meeting, read by Mr. H. T. Yaryan, who de- 
signed and used the old construction covering. He described 
a plant in Toledo, the Floyd Street plant, and stated that in 
that plant the drop in temperature in the main, from the station 
to a point 1%4 miles from the station, was 17 degrees. In this 
plant at Red Oak, Iowa, which I mentioned once before, the 
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water leaving the station passed through the entire circuit about 
1 mile long and returned to the station with a loss of one degree 
in temperature before any radiating surface was connected on 
the line at all, giving a very good test as to what the loss was on 
the line. The circulation was about 3 feet per second in the 
mains. 

Mr. Schott : There is one feature that enters into that question 
of drop, and that is the number of times per hour you are 
changing the water in your system. You can take a light loaded 
system and it may be vou are only changing your water once 
in 2 or 3 hours, but when you get to the loaded system you are 
changing your water once every 20 minutes. You get your 
greatest drop when operating under light loaded conditions. 
When your plant is fully loaded and you have the coldest tem- 
perature, you get your least drop, so in making tests there is 
a point that is very ‘flexible as far as arriving at the true facts 
is concerned. For instance, if under normal working condition 
you made a test at freezing point between the power-house 
and the end of the line and certain results were obtained, the 
same line at 10 degrees below zero would give entirely different 
results. It is due to the fact that your velocity is twice as great 
during the minimum temperature as it is at other times. 

Mr. Jewett: The system of piping which I have spoken of, 
the single-pipe system, is entirely different from anything so 
far described. I did not intend to mention it here, but I will 
say that we have installed a large number of one-pipe hot-water 
systems. It is practically the same thing as a one-pipe system 
in a house. There is one pipe which goes out through one 
street and back through another or others to the station. That 
pipe is the same size all the way around the circuit, so that the 
amount of water in the system may be independent of the 
amount of radiation on the line. That is, if your pump is pro- 
ducing a certain differential pressure between the suction and 
the discharge, and your line is a certain length, it will handle a 
certain quantity of water, whether the water is hot or cold, and 
whether there is much or little radiation. If there is no radiation 
on the line, and the insulation is perfect, the water should return 
to the station at the same temperature it went out. 

Mr. Harvey: There is one point I would like to mention here. 
I have found by experience in carrying steam for running 
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power, etc., underground, by taking a long sewer crock having 
2-inch space between that and the pipe, by having a cast-iron 
ring at each end of the sewer pipe crock without elbows, and 
the elbow has a sort of cast-iron ring in which the steam pipe 
rests, “ V ” shape, and the section of pipe is practically sealed, so 
that there is no circulation horizontally; then this crock in that 
same ring has a bearing on it so that the outside of this ring fits 
on the inside of a wooden log of 4 inches in thickness of wood 
on the outside of the log, that gives me a 2-inch dead air space, 
practically hermetically sealed, and a dead air space on the 
outside of the crock between that and the inside of the wooden 
log or wooden pipe of 2 inches—there is 6 inches of air space 
around the outside of the pipe. I have had occasion to test 
a pipe, in running a pipe to make a test, and I have had 100 
pounds of steam on a steam pipe for 24 hours. I took a box, 
a perfectly tight box, with a gland in it and put a thermometer 
inside the box where it could be seen at all times, and the ther- 
mometer did not rise in temperature 5 degrees in the 24 hours. 
That 5 degrees may have been caused by the surrounding tem- 
perature, but it was not affected at all by the wood. That was 
a test I made some Io years ago, and I think that the merit of 
the insulation of that pipe was practically in confining the air 
so that there was no circulation of air horizontally any farther 
than each length of 3 feet. I might say that I carried steam 
in that way for over a mile and ran a 200 horse-power engine 
at the end of that mile and we didn’t lose 5 pounds of steam 
in temperature with the whole of the distance; I had a 
large receiver at the engine that I ran the steam into, and took 
the steam from that receiver to the engine. : 


TOPIC NO. 8. 


‘*Are the Benefits from Large Mains with Branches in Hot-air Furnace Systems 
Sufficient to Merit Wider Adoption ?” 


Mr. Chew: It might be of some interest to the members to 
know that some three years ago Mr. B. Harold Carpenter read 
a paper on the use of large mains for hot-air furnace work. The 
method of doing furnace work that he described I know is not 
practised to any considerable extent in the East. I know that one 
of our former members, Mr. John G. Sorgon of San Francisco, 
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uses a large main to start off with the hot-air furnace, a 24-inch 
pipe, and in some instances running it as much as forty feet, 
sometimes in directions which furnace men here would claim 
to be impossible and have it do good work. But he claims to 
satisfy his customers and he gets his money. He has at least 
twice the area in the horizontal main that he has in the last stack 
to be supplied. Mr. Spellerberg I know has frequently used 
this method in his practice, and instead of running large pipes 
like that for convenience he arranges to run one large main 
to supply several branches for more efficient service. This 
subject is worthy of consideration by the members interested in 
furnace work. 
TOPIC NO. 9. 


‘* Vacuum System of Hot-water Heating.” 


Mr. Hoyt: The sketch on the blackboard is a ground plan of 
my greenhouses and my dwelling which are connected and are 
heated from one boiler, 20 H. P. of the locomotive type. For 
convenience I have numbered them 1, 2, 3, 4, 5,6. Nos. 1 and 6 
(dwelling) are at the extreme ends of the plant, the outside 
measurement being about 126 feet. Nos. 1, 2 and 3 are con- 
nected houses, no division wall between them, east and west 
houses, 60 x 22 feet each, and the dwelling is connected to No. 3 
by an office and short passageway. This house, No. 4, is a 
north and south house, 24 x 84 feet, lying at the east ends of 
Nos. 1, 2, 3. In the upper story of the dwelling is situated the 
expansion tank, 30 inches diameter, 30 inches high, elevated next 
to the roof with a %-inch pipe leading upward from the high 
end, in which is an automatic air valve opening from any inside 
pressure, but closing from any outside pressure. All the pipes 
in the greenhouses discharge their air into this expansion tank 
automatically. This valve is simply a %-inch union with a 
solid gasket and screwed tight enough to just leak a little. This 
leak will insure the discharge of all the air from the inside of 
all the piping. One 6-inch main leads from the boiler slightly 
uphill through the west side of house No. 4, reducing to 
5-inch, then to 4-inch about the centre of the house, thence 
outside of the house at south end, underground 20 feet, thence 
with one elbow it enters the dwelling cellar 20 feet farther. 
Houses Nos. 1, 2 and 3 are each fed by one 2-inch riser from the 
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main as it reaches the houses and No. 4 itself has one 2-inch riser 
at the south end. The heating pipes run back under benches to 
the north or boiler end. The dwelling is fed by one 2-inch riser 
taken from the cellar entrance of the main for each floor. The 
first floor has a sitting-room with 100 sq. ft. radiators; parlor 
100 sq. ft., bedroom 40 sq. ft., dining-room 80 sq. ft., kitchen 
60 sq. ft., and office 60 sq. ft. radiating surface. The office, 
dining-room, kitchen, and bedroom radiators are fed from one 
2-inch riser taken off from main in house No. 4 and enters the 
dwelling cellar through house No. 3. This is quite a long pipe, 
about 60 or 70 feet, before it reaches a radiator. The sitting- 
room and parlor radiators, 100 sq. ft. each, have as return to 
boiler one line of 1%4-inch pipe. The dining-room and office 
radiators, 80 and 60 sq. ft., have one similar line. The kitchen 
and bedroom radiators, 60 and 40 sq. ft., also have a similar 
line 1%4-inch pipe. The upper floor radiators, five in number, 
are fed from one 2-inch riser from the main at the cellar entrance, 
passing through part of the cellar around the wall about 50 feet, 
then rising to and through the 2d floor at the south or parlor 
end of the dwelling near the centre of the south wall, thence it 
branches (1%-inch branches) to the outside corner of the upper 
room, feeds one radiator on each side of the room, then reduces 
to 1%4-inch pipe and follows the baseboards line on each side of 
the upper floor, then drops to the cellar at back or north end of 
the dwelling and goes back to boiler in one line of 1%4-inch 
pipe. The three remaining radiators in three different rooms are 
fed from these two 1%4-inch lines which answer as both floor 
and return. 

The valve in the expansion tank virtually makes an open 
tank of it as far as pressure from the inside is concerned, but is 
a closed system from the outside. When firing is hard enough 
(about 250 degrees Fahr. at the boiler), the tank fills with 
water, causing the valve to leak slightly, but if the fire slackens 
down the water recedes and a vacuum is the result. 

Here is the result of one day’s test: Started with cold water 
and no fire in boiler at 5 A.M., water in boiler and radiators at 
70 degrees Fahr. At 5.15 A.M. the boiler was 78 degrees (all 
the greenhouses being shut off and only the dwelling on). At 
6.30, 190 degrees; at 7.30, 240 degrees. This 240 degrees Fahr. 
did not make the automatic valve leak, but the glass showed the 
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tank to be full of water. I took off the valve cap and readjusted 
it. Then at 8.15 a.m. boiler was. 220 degrees Fahr., 200 degrees 
in the kitchen and sitting-room radiators and 144 degrees in 
the parlor radiator. At 10.15 A.M. boiler was 212 degrees 
Fahr., the radiators were kitchen 170, sitting-room 170, 
parlor 120, and office 164 degrees. At 10.15 A.M. I could 
get no water out of the kitchen radiator. At 6.30 P.M., 
12 hours after the last firing (soft coal and not a large fire), 
the expansion tank was not full. The boiler was 140 degrees F. 
The kitchen radiator was 124 degrees, sitting-room 124 degrees, 
parlor 112 degrees, office 114 degrees. At 8.30 p.m. the boiler 
radiator was 130 degrees, kitchen 144 degrees, sitting-room 114 
degrees, parlor 102 degrees. The temperatures were read thus: 
Kitchen, after the water has gone through the radiator; sitting- 
room, as the water enters the radiator; parlor, after the water 
has gone through the sitting-room and the parlor radiators; 
office, after the water has gone through the dining-room and 
the office radiators. 

Mr. Chew: You say there was very little fire in the boiler and 
that the temperature goes down very slowly. What is the cause 
of the rapid circulation? Is it the result of a vacuum in the 
extension tank ? 

Mr. Hoyt: No, sir, not altogether the vacuum, but from 
the manner of the installation I get the most rapid circulation 
when the water in the boiler is boiling, whether at 260 degrees 
or as low as 100 or 120 degrees, and I cannot boil the water at 
less than 212 degrees without there is a vacuum. 

With a vacuum we have a circulation lasting longer in cool- 
ing after firing, with faster circulation and a quicker response 
from a brisk fire than possibly could be had from an open in- 
stallation or under a pressure or closed system. 

Mr. Chew: The system then is virtually an open tank system, 
and when you fire hard enough you flush the expansion tank; 
the wall union or automatic air valve on the tank makes it an 
open tank; but when the fire slackens and the water in the tank 
recedes the valve closes and a vacuum commences, and this 
vacuum then is a coal saver by prolonging the heat and cir- 
culation from the fire beyond that obtained from the same 
firing without a vacuum. 
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Mr. Hoyt: Yes, sir; that is what I have found to be a fact 
and have had three or four winters of experience with it. 

Mr. Donnelly : I would like to know if this system is patented. 

Mr. Hoyt: No, sir. 

Mr. Chew: From the talk I had with Mr. Hoyt this morning 
before this meeting opened, as near as I can understand, he 
claims that by the use of the valve at the top of the expansion 
tank, he has all the advantages of an open tank system; that 
the system can be full of water clear up to the valve at the top, 
and as soon as you fire and expansion takes place and there is 
sufficient heat, you open the valve and present no obstruction. 
He claims you can make your fire in the boiler and then as 
the water shrinks from loss of temperature the valve is tight 
enough to prevent air entering, and with his water then under 
a vacuum, or having a tendency that way, he gets circulation 
that is more lively and has better heating effect than he would 
with the open tank system. That is what I gather he claims 
for his system. i 

Mr. Hoyt: You get stronger heat in your radiators than you 
would from an open tank system. 


TOPIC NO. IO. 


‘*Is the Present Ratio of Flue Area to Grate Area in Cast-iron Heating Boilers 
Conducive to Economy?” 


The Secretary: Mr. President, I rather think that the idea 
of suggesting this topic was the opinion that the present smoke 
outlet of cast-iron sectional boilers was too large for economical 
results, and for the surface and grate area of the boilers. That 
is something that is very easily controlled. Most boilers are built 
with a throttle damper on the smoke outlet; they can reduce it 
half-way or two-thirds. I don’t think there is anything in the 
present construction of cast-iron sectional boilers about the size 
of the smoke outlet to make the boiler waste fuel. Still I do 
believe and have always felt that with cast-iron sectional boilers 
that have a continuous upward fire travel, from the fire to the 
smoke outlet, they must be correspondingly as wasteful in fuel 
as direct draft stoves are to a return flue stove; but I have felt 
that the boilers we have, with down draft for the gases before 
leaving the boilers, were the most economical type to use; and if 
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they had a down draft, the smoke collar being large would not 
interfere with its efficiency. 


TOPIC NO. II. 
‘* The Production of Wrought-iron Screw Nipples.” 


Mr. Barron: Some years ago I published a short article on 
“Crude Thoughts on Crude Engineering,” in which I tried to 
emphasize the work of Mr. W. C. Baker in advocating clean 
threads on pipe and fittings and metal to metal joints. Later I 
read a paper before this Society on “ Screwed Fittings,” ad- 
vocating some improvements in their manufacture, with some 
hopes that engineers at least would be influenced; but as far as 
I have been able to judge, they never were, so that in writing 
on nipples I have no hopes that anything I say will have much 
influence. I confess that like the average constructing engineer, 
if I could get the lowest discounts from the list, that to me 
was the important fact of the nipple question and as far as it 
usually interested me, but the forging of a nipple originally was 
probably the beginning of the pipe industry and all that has 
grown out of it. Very few of us ever consider who makes 
nipples or how they are made. The pipe mills do not bother 
with them and very few manufacturers of fittings make them. 
It would not pay them to do so. Those who make a specialty 
of nipples make it pay by buying scrap pipe or junk only; they 
rarely use new pipe, I believe. This is why the pipe mill people 
are out of it. Nipple machines are the ordinary pipe machine 
with a nipple chuck. They are of the single and double head 
type, the double head machines being the ordinary double head 
bolt cutter adapted to pipe work. The nipples are first cut from 
the stock by a disc pipe saw revolving at high speed between 
rollers. The best type of this machine is one with the shaft 
carrying the disc to be as long as possible, say 10 or 12 feet. 
Some use vertical jig hack saws and some band hack saws and 
also the reciprocating horizontal hack saw machine that is used 
for cutting bar iron. A circular steel saw should answer the 
purpose, but I have not seen them used. 

The ordinary cutting off tool is never used in this work, as 
it is too slow. The old style single head pipe machine, fitted 
with a lever chuck and a lever expanding die head, makes a 
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good nipple machine. A man will thread 2,000 I-inch nipples 
on this in 10 hours. 

This machine runs at a very high speed, so does the double 
head type of machine, and there is very little gain practically 
in having the two heads, as the output is about the same as the 
single. The dies for nipple making at high speed have to be 
made of special steel and have to have large lips and clearance. 
The ordinary pipe machine die is worthless for this work. 
Where the regular lever expansion die head is used, if it gets 
out of order it can be slipped out of place and a spare one sub- 
stituted in a few minutes, but if chaser dies are used in a fixed 
head, it is a very slow job, changing dies; this is true of the bolt 
cutting type of machine. Pipe of standard weight and thickness 
is not best for the nipple maker; it suits him better if the pipe is 
a little under the standard in diameter: but he has to take what 
he can get. It would seem that a special design of nipple 
machine would increase the product, but as far as I have ob- 
served the special machines that have been tried are more or 
less failures. Getting out nipples is high tension work, and 
there is no such thing as inspection of the product, except in a 
general way. The remarkable thing is that on the whole they 
are so satisfactory and cause so little trouble. 

Whether it is within our province to discuss the manufacture 
of nipples, I am not sure; but it interests many of our mem- 
bers. If this subject is deemed legitimately in our province, I 
would like to see various cuts of the special machines for this 
work illustrated in our proceedings; this would show the state 
of the art at a certain time and be useful to the searcher. Our 
work is to advance the art; it would seem that a matter of this 
kind becomes our work. 
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